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CaarrEr VIL—THE DEVELOPMENT OF OIL TERRITORY.

In 1858 and 1859, just before Drake obtained oil in his well, the region now known as the ¢ oil region” was an
almost unbroken forest. Here and there along the valleys of the Allegheny and its tributaries the bottom-lands
had been broken into farms, but on the hills, excepting in the neighborhood of the larger towns, there were but few
cultivated tracts. The landscape along these winding streams was very beautiful. The towns were but little more
than lumbering camps and trading stations, with few churches or school-houses, and the stores were for the most
part kept by those engaged in the Jumbering business, who employed nearly the entire population. This population
traded a large proportion of the value of their earnings at the stores, and when the yearly settlements came they
found a smwall balance due them. Those who were not engaged in rafting the lumber to Pittsburgh worked their
small farms in summer and raised the small amount of produce regunired in the eountry, but in the winter lnmbering
was the engrossing oceupation. Off the valleys of the main streams the roads were few and wretchedly poor, A
few farms on the bluft southwest of Titusville had been occupied since 1798, and yet no public road had heen built
until some time after 1860. ‘

After Drake’s well was drilled, a demand arose for barrels and teams to haul the oil to points of shipment.
‘This quiet and secluded region was invaded by adventurers from every dii‘ection, and the production of oil increased
in volume so much more rapidly than the means of gathering and transportation that, although the production for
the whole year of 1861 was only 1,035,668 barrels, less than the production of two weeks in 1880, the price fell in the
fall of that year to 10 cents per barrel, and sales were reported as low as 6 cents per barrel. The influx of such an
immense population into the villages and hamlets of this region taxed its agricultural resources to the utmost, and
the construction of countless dervicks, and the towns that were springing up like mushrooms along Oil cleeL and
the Allegheny river, the making of tanks and thousands of barrels for storing and transporting the oil, gave
a home market for the lnmber of the country and stimulated an activity in business before unknown. Land along
the creek supposed to be favorable for drilling purposes commanded fabulous prices; everybody had an interest
in an oil-well ; fortunes were suddenly made in one day and recklessly lost in another; ; and although railroads were
pushed towmd Titusville as rapidly as possible, the oil reached the surface faster than it could be disposed of, and
was floated down the Allegheny viver to Pittsburgh in bulk barges, many of which were broken up in the aceidents
of such navigation and the contents poured upon the stream. The valley of Oil creel became filled with derricks,
and by 1863 the oil territory was snpposed to be defined, when a daring prospector, having drilled a ¢ wild-cat? well
on the hills that border the valley, got oil, and wells were then spread over the hill conutry between Titusville and
Tidioute. Meantime trunk lines had reached the valleys of the Allegheny and Oil ereek, and the oil was moved
out of the country.

The development of oil territory had mean time acquired a habit which has become well defined, and has been
repeatedly exemplified during the last fifteen years. Commencing with the sinking of test or ¢ wild-cat?” wells ,
-outside the limits of any proved productive territory, the progress of such wells is eagerly watehed, not only by
those who pay for them, but also by many others who hope to profit by the experiment. While the experiment is
in progress frequently all sorts of devices are resorted to to deceive others, not only to enable those engaged in the
experiment to secure all the adjacent territory at favorable prices or leases, but also to prevent others from doing
the same thing.

The striking of oil in a new well is the signal for a grand rush, as those who have territory to dispose of express
-extravagant opinions regarding the yield of the wells and the extult of the territory. A quiet country village at
-onee becomes the center of a large business. Teams come pouring in with oil-well supplies, lumber, and provisions ;
a narrow-gauge railroad is projected and built with astonishing rapidity ; corner lots are sold atfabulous prices; a
.speculative population floats into the place, the individuals of which come and go; and a common laborer to-day
becomes a month hence a foreman, and in six months the owner of a well, and after a year is a gentleman of fortune.
‘The quiet country town, too, with its modest school-houses and churches, takes on metropolitan airs and viees, and
farmers become money-changers, the lucky ones who “strike ile” and do not lose their heads usually gathering
‘together their thousands and leaving the overgrown village for New York or some other city. Some few remain
and help to permanently improve the home of their childhood. Titusville, Oil City, Tidioute, Franklin, and Bradford
-ave all examples of such towns. After a time the speculative phase is succeeded by that of settled and steady
.development, and the oil territory becomes outlined, the sagacious having secured control of the profitable tracts, and
the floating population having by this time passed on to a new field, while their places have been filled by a more
-s0lid element, largely the moderately successfnl, because less reckless, who have come to stay. The influence of
the floating and unsettled class is seldom salutary. In one instance that has been brought to my notice the most
weckless system of public improvements was undertaken. School-houses greatly larger and more expensive than
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were necessary were built, and instead of being paid for by taxes levied on the oil that was then being taken from:
the ground, bonds were issued, payable at some future day, and leftas a burden upon a community the extraordinary
resources of which have long since been removed. '

The development of the oil territory proceeds, after its existence has been demonstrated, without regard to any
other interest. The derrick comes like an army of occupation. In the towns a door-yard or a garden alike
surrender its claims. The farms, fields, orchards, or gardens alike are lost to agriculture and given to oil, and on
the forest-covered hills the most beautiful and valuable timber is ruthlessly cut and left to rot in huge heaps:
wherever a road or a derrick demands room. Pipe-lines are run over the hills and thrmmh the valleys, through
door-yards, along streets, across strects and railroads, and here and there the vast storage-tanks stand, a perpetual
menace to everything nedr them that will burn. Nothing that I ever beheld reminded me so forcibly of the dire
destruction of war as the scenes I beheld in and around Bradford at the close of the census year; and nothing else but
the necessities of an army commands sueh a complete sacrifice of every other interest or leaves such a scene of
ruin and desolation, ©

But the wave of desolation passes over, and nature changes the scene in the same manner as she gathers and
restores the rains of Dbattle-ficlds. Along Oil creek, for the most part, the derricks have disappeared, and the
brambles and the young forest are fast removing even a trace of their former presence. A visit to the famous
Pithole th),whlch in 1865 was, next to Philadelphia, the largest post-office in Pennsylvania, showed a farmer
plowing out corn where the famons Shearman well had been, a waving field of timothy where the Homestead well
had been, the site of the famous United States well hardly so be found by one who had known it all through
its caveer, and of the city there remained but fifteen or twenty houses, rapidly tumbling to decay, but not an
inhabitant. The country around this scene of so much activity fifteen years ago is growing up to forest, and is
1ot now valued at an amount eqml to a year’s interest on the valunation of that time. ‘

Between the period of active development and absolute exhaustion comes the pemod of decay, when the:
derricks are rotting and falling to wreek, when property that has ceased to be productive has been sold at an.
extravagant price, and after accumulating debts has been abandoned. No one dares to claim the engine, boiler,.
and other tools, for fear he may become liable for the debts. Fine:engines go to ruin, and boilers are eaten withy
rust; small boys and idle men throw tools and pebbles in the well, and finally the vender of old iron comes along:
and carries off the junk to the foundery. At other times theowners of the well have made strikes somewhere else;;
and the well is then ¢ pulled out” and all the machinery is carried to another field. Enormous quantities of material.
were carried from Qil ereek to Clarion and Butler counties, and from there to the Bradford district.

The Oil creek region has now returned to the condition of an agricaltural and manufacturing community,.
in which the production of oil is no longu‘ the absorbing topic of conversation and the paramount interest..
On the lower Allegheny, in Olarion and Butler counties, the production of oil has become much lessened in
importance, and the wreck of abandoned derricks in many localities presents a dismal pieture. The Bradford field:
is now in fully developed activity, and the destructive subordination of every other interest, and of all other
considerations of ordinary value, is everywhere painfully apparent, With all this there is an evidence that so-
called public improvements arve only of a temporary character. The towns that are the result of the production of’
oil are scarcely more substantial than a military camp, and from lack of orderly arrangement, neatuess, and.
sanitary regulations are far less inviting in their appearvance, The railroads remind one foreibly of those built
around Petersburg during the war, although they possess the elements of permanency to a greater degree, and the-
destruction of 50 much valuable timber produces a melancholy aspect.

The Allegheny district in New York is just opening up around Richburg, and all the phenomena peculiar to the-
first stages of an oil excitement are to be observed there.

It is not to be inferred, however, that any of the sections into which the oil regions have been divided have-
ceased to produce oil.  There are wells now producing in sight of the spot where Drake drilled the first well; but
large tracts of country cease to be the centers of speculative investment, and old wells to be remunerative, and the-
new wells no longer hold the possibilities of a grand lottery prize. Itis the opinion that large areas in the Oil
creek district will be redrilled and will produce in the aggregate large quantities of oil if the price ever reaches $2 a
barrel. At present prices, the. pumpmg wells of that district cannot successfully compete with the flowing wells.
of McKean county.
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CEaPTER VIL—THE PRODUOTION OF OIL.

SE¢rIoN 1.-—PRIMITIVE METHODS.

Oils and malthas appear to have been obtained in Persia from a very early period, but the methods employed
were extremely simple. Most frequently the basin of the spring appears to have been surrounded by a stone coping,
and sometimes it was covered with some sort of o niche or building, but often the oil was simply skimmed from the
surface of the water which it accompanied. Herodotus describes the manner in which, by means of myrtle branches,
the bitumen was obtained from the springs in Zacynthus, now Zante. It is, however, by means of dug wells or shafts
that petroleum has been usually obtained in regions where the art of drilling artesian wells was unknown,

In Japan from a very remote period wells have been dug and tunnels have been run into hillsides for oil,
Some of these abandoned drifts have caved in and large trees are growing upon them, ;

In relation to the manner of working these wells, B. S. Lyman, in his Reports on the Geology of Japan, 1877, says:

The present mode of working is very simple, a method that has probably grown into its present form in the eourse of centuries of
experience, and is now apparentiy practiced in all the oil regions with liftle or no variation. The digging is all done by two men, one
of whom digs in the morning from nine o’clock until noon, and the other from noon until three. Tho one who is not digging works the
large blowing machine or bellows that continually sends fresh air to the bottom of the well, The blowing apparatus is nothing but a
woonden box about 6 feet long by 3 wide and 2 deep, with a board of the same length and widtii turning in it upon a horizontal axis at
the middle of each long side of the box, and with a vertical division below the board hetween the two ends of the box. The workman
stands upon the boald and walks from one end of it fo the other, alternately pressing down first one end and then the other, At his
first step on each end he gives a smart blow with his foot, so as to close with the jerk asmall valve (0.8 foot square) beneath each
end of the board, a valve that opens by its own weight when the end of the board rises. The air is theretore driven first from one
end of the box, then from the other into an air pipe abont 0.8 foot square, provided at top, of course, with a small valve for each end of
the blowing-box, made of boards in lengths of about 6 fect, and placed in one corner of the well. The well is, hesides, timbered with
larger picces at the corners and light cross-pieces, which serve also as a ladder fur going up and down, though at such a fime, in
addition, a rope is tied around the body under the arms and held by several men above the mouth of the well. The earth or roek dug up
is brought out of the well in rope nets by means of a rope that passes over a wheel 1 foot in diameter, hung just under the roof of the
hut, about 10 feet above the mouth of the well, and is pulled up by three men, one at each corner of one side of the well, and the third
in a hole two or three feet deep and a foot and a half wide dug along side of the well. * * *  Wella are dug in this manner
to a depth of from 600 to 900 fect, a depth at which great difficulty is experienced in securing sufficient light to carry on the work, which
is often prosecuted only from nine.a. m. to three p. m, These wells are dug about 3% feet square, Onc well 900 feet deep is reported to
have cost only about $1,000. The oil is skimmed from the surface of the water and drawn up in buckets.

In aletter dated Toungoo, British Burmal, September 14, 1881, Rev. J. N, Cushing, D. D., says:

At Yenaugyoung the construction of the wells is after the most primitive method. The wells are dug about b feet square. A native
spade for loosening the soil and a basket for conveying it from the well are the implements nsed. As fast as the well is sunk it is planked
up with split, not sawed, planks, There are generally three or four men engaged in the work of dif,gin eacl ono taking his turn. A
man remains below with a-large rope fastened about him. A small rope attached to a basket is used to draw up the earth, which is
saturated with oil, »nd is oftén gnite warm to the touch, Sometimes the gasis so strong as to prevent a person from remaining below more
than a coupls of mmutes, and occasionally a man is drawn up quite insenaible. The usual time of remaining down is about twenty
minutes, when the man gives the signal that he wishes to be drawn up by jerking the rope. The yield is seldom very rapid, as I have
never heard of any petroleum rising to the surface. Still some of the wells yield a large amount and then dry up. A windlass is built
upon a frame over the well at a height of about 5 feet from the mouth. Overthis windlass a rope is placed having a bucket at one end.
The rope is not muchlonger than the depth of the well. The other end is fastened around the waist of a man ora woman, who generally
has two or more half-grown boys or girls to help pull. As soon as the bucket fills, these persons start on a run down a well-beaten path
nntil the bucket has come up so that the person standing by the well can empty it. The work is done by a class of people wlhose families
have been allotted this work from time immemorial by the royal law. They are not slaves, but do not have permission to remove, and
are considered as bound to work for the production of the royal monopoly.

In Galicia wells were dug as for water, and in some instances congeries of wells were united at the bottom by
galleries, into which the petroleum filtered from the rock. The digging of these wells and shafts was frequently
attended with considerable danger of suffocation with gas. M. Coquand mentions that at Damanostotin, in
Moldavia, the pits or wells were dug 40 meters (131.2 feet) deep, and lined with sticks, woven in a mannerresembling
a military gabion. The petroleum is obtained in a bucket, to which a stone is attached for a-sinker. This bucketis
drawn up by arope. (¢) Petroleum was also obtained for many years in the valley ot the Po from wells that were dug.

-1n the United States several different methods for obtaining oil were employed before wells were drilled. 1t is
reported that shafts were found in the Mecca (Ohio) oil district, of the sinking of which all record or tradition has
been lost. Since the curbed pits on Oil creek, Pithole creek, and other tributaries of the Allegheny have been
proved to be of French origin, it is not unlikely that the old shaft at Mecea was also wmade by the French. An
unsnceessful attempt to obtain oil in this way was made at Mecca about 1864, and another attempt to sink a shatt to
the Venango oil-sand was made in 1865 in the bend of the Allegheny river, on the east side, below Tidioute.

It was about 16 feet square and a little over 100 feet in depth, It was a failurein respect to obtmnmg oil, for just hefore it was

deep enough to reach the third sand, or oil-producing rock, an accident occurred which resulted in its aba.ndonmeut The foreman, who
was an experieneed miner, was seated over the mouth of the shaft; which was covered, in company with one or two of his labering wen,

%,
g .

§ ) . a B. 8. G. I, xxiv, 518,
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eating their dinner. ~As they lighted their pipes it was suggested that a lighted paper e dropped into the shaft to see if any gas was"
there, It was done, and an explosion followed which killed the foreman and some of his men. It [the well] was immediately closed,
and work was never resumed. (a)

Other shafts were sunk on Oil creek, but as none of them were suceessfal in 1eachmg the Venango third sand,
they were abandoned,

Professor Silliman, sr., in 1833, thus described the method employed for obtaining Seneca oil at the famous
"spring at Cuba:

A Wiroad, flat board, made thin at one edge, like a knife; it is moved flat wpon and just under the surface of the water, and is soon covered
by a coating of petroleumn, which is so thick and adhesive that it does not fall off, but is Temoved by seraping on the edge of a cup. (b)

Near Burning Springs, West Virginia, the oil was collected early in this century by digging trenches along the
margin of the creek down to a bed of gravel a few feet below the surface. By opening and loosening with a spade or
sharpened stick the gravel and sand, which is only about a foot thick, the oil rises to the surface of the water, with
which the trench ig partially filled. It is then skimmed off with a tin cup and put up in barrels for sale. In this
way from 50 to 100 barrels are collected in « season?. (¢)

Professor J. . Lesley thus describes the method employed for collecting oil on Paint creek, Johnson county,
Kentucky:

Here are to be seen the old “stirring pluees”, where, before the rebellion broke out and put an end to a1l manner nf trade in Kentucky,
Mr. George and others collected oil from the sands by making shallow canals one or two hundred feet long, with an upright board and a
regervoir at the lower end, from which they obtained as mueh as 200 barrels per year by stirring the sands with a pole. (d)

J. D. Angier, of Titnsville, worked the springs on Oil creek for some years prior to 1359, He found the
springs logged up 0 to 8 feet square and as many feet deep, He arranged a sort of sluice-box, with bars, that hekl
the oil while the water flowed on beneath. In this way he obtained from 8 to 10 gallons a day of 300 specific gravity,
which he sold at Titusville for medicine and for lighting saw-mills and the derricks of salt-wells.

Seneca oil was obtained for many years and in many localities by saturating blankets with oil and wringing it
from them, .

SEOTION. 2~ARTESIAN WELLS-THE DERRICK.
) ARTESIAN WELLS.

The Jesuil missionaries to Ghina found there artesian wells in full operation. These wells were drilled for brine
and natural gas, the latter being frequently accompanied by petroleum. The following extract from I7Abbé Hueks
celebrated travels in China describes their method of drilling very deep wells:

They [the wells] are usually from 1,600 to 1,800 (French) feet deep, and anly 5 or 6 inches in diameter. The mode of proceeding is
this: If there be a depth of 3 or 4 feet of soil on the surface, they plant in this a tube of hollow wood, surmounted by a stone, in which an
orifice of the desired size of 4 or § inches hag been eut.  Upon this they bring to work in the tube a rammer of 300 or 400 pounds weight,
whicl is notehed and made alittle concave above and convex below. A strong man, very lightly dressed, then mounts on a scaffolding, and
dances all the morning on & kind of lever that raises this rammer about 2 feet and then lets it fall by its own weight. From time to
time a fow pails of water are thrown iuto the hole to soften the mater:.al of the rock and reduce it to pnlp, The ramwer is suspended to
a rattan cord not thicker than your finger, but as strong as our ropes of catgut. This cord is fixed to the lever, and a triangnlar picee of
wood is attached to it; by which another man, sitting near, gives it a half-ttn, so as to make the rammer fall in another direction. At
noon this man mouunts on the seaffold and relieves his comrade till the evening, and at night these two are replaced by another pair of
workmen, ' When they have bored 8 inehes they draw up the tube, with all the matter it is loaded with, by means of a great eylinder, which
serves to roll the cord on.. In this manver these little wells or tubes are made quite perpendicular and as polished as glass, * * *
When the rock is good the work advances at the rate of 2 feet in twenty-four hours, 8o that al.ont 1hrv e years are required to dig o well. (¢)

The first artesian well drilled in the United States, in 1809, has alveady Leen deb(,nbed, as also the gradual
improvements in tubing wells and in stopping off the surface water with a seed-bag (page G). Prior to 1858 a great
many wells had been drilled for brine in the valley of the Ohio and its tributaries, with such additional improvements
as rendered them very effective for this purpose. Steam-, horse-, and hand-power had been employed in drilling
with equal success, the tools and general manipulation of the well Leing essentially the same. The drilling of wells
with hand-power was accomplished by means of a spring-pole. For this purpose a straight tree, forty or fifty feet in
length, was selected, After the branches were removed, the butt was secared in the ground in such a position that
the pole extended at an angle of about 30° over the spot at which the well was to be bored. To the smaller end
the tools were attached, and by the elasticity of the pole, as it was alternately pulled down and allowed to spring
back, they were lifted and made to strike at the bottom of the well,

The drilling of wells for oil has long since outgrown the spring-pole age, the figures on Phte V1 showing the
suceessive steps by which this has been accomplished.

THE DERRICK.

When the location of a well has heen decided upon a derrick or “rig” is built, This consists of the derrick itself
and a small house for an engine, with the necessary foundatwn for both. For this purpose masonry is not used, but
instead o very heavy foundation of timber. The owner of the well owns the rig, boiler, and engine. The
contractor who drills the well owns the cable, bit, blacksmitl’s and other tools, and supplies fuel for the engine andl
the blacksmith.

e Letter of W, W. Hague, of Tidinute, to S, . Peckham, d P. AP 8, x, 40,
b A J. S (1), \xm, 99 e Travels in tlw Chinese meu e, 1,300 Harper's ed., 1855,




present time:

N

THE NATURAL HISTORY OF PETROLEUM.

79

The following list of rig-timbers emDbraces, first, the foundation timbers, which are frequently hewn, and, second,

HEWED RIG-TIMBERS.

. Inches. Toct long,
2 derrick-sills, Spotted .o e en ol e e e e e e tttee e e s 12 21
2 derrick-8ill8, SPOtted . oo nn o et e e e e i e it e eidmn cra e naas 10 21
9 ArrIER-BI11S, HABEOMA 1ans e e eeee e eee e emam e s mee e ne r e m e e ot e e e e s 12 21
2 derrick-sills, flatted .. ... ... ... e v i e e——— e e e et e emanaben s 10 2%
BB R 1 5 ) 1 T 16 20
0Ty N Y NP 16 12
1 main-sill, SQUATed ... oo i eier et ce i ii e e e s atan e cnne e nn 18 by 18 30
1 sub-sill, squared .....- P 18 by 18 14
1 eross-sill, SUUATEA. o et oot et e it tre et eant bt v e cman e ate cane ens 12 by 12 12
1 8am8on-Post, BEUATEA. o ..o neme e Ve eet et cies hamen e 18 by 18 14
1 jack-posf, BEUATEA -« oo e e n e et v e ety ma e et e ebe e s e aee anas 16 by 18 14
2 Dbull-wheel posts, squared.oaces cover vvnaana s e e A e ema m et meemee i bmanean e an e en v 10y 10 10
1 engine-Lloelt, BQUATEA . r v cun carn e e et eteam cnaet cirmimmen cmes ceaitia e e e aaae 20 by 20 8
1 walking-beam, SQUATE «ave tameus cam o reme e ettt daie e e ree e e eeeesnas can 12 by 26 26
1 hull-wheel shaft, squared ..c.ees voevnvinnanns emm e eeman e e —eae nan —aennn 14 byl 14
2 pulley-blocks, BEUATEN. . oot o e e e i e e mee e e seee e reacee e 12 by 12 6
4 DHraces, SQUATC - cv . cvveacme cie cien e e aic et ceme e eaan e Bovercs cmcs vean e Gy 8 14
B 3 T 2 T Tby 9 7
Equal to 7,800 feet board measure.
SAWED RIG-TIMBER,. :
) Inches, Feet. Feet.

B PIeeEB cacemeeame teeees e cea e PN 2 by 10 by 0= 267

B PBEES« wnmmx waemme 2 meme camee wmee m o me e m e enena eeee <me i fara amee oeaeneaas e s nnemean 2 by 8ly20= 133

L5 57 T J 2 by 120y 18= 216

1 LT T 2 by 10 by 18= 120

1T L PP 0 R - B Vg £ Ui
B PIBCEE v e c o tanatn riee cmtan ae e s eans stennesmeecasscuensmanme mrnnaenannssssnnsoSon 1 DY BLy 18= 144

T T R L h LR TTT TP EP P PR P 131by12hy 6= 96
BRI ) T T O e erimeeee e atee e aean 2 by10Dby 16= 480
S 3 43T 0T - T T 2 by 8hylb= 384

G PIBCRE. « ae ce e emmee et e ne e imee meaaeumatcereaacien s ccaasaae samas cnnaaeee 2 DY Gy 16= 90

D25 T T T T T

eee 2 by 4Dy l6= 267

O ) Y- F e T 2 by 6byld= 56
2L ) (=Y~ T L L LR TR 1 by 12Dby 16= 320
E2 LI LY L EL TR T T L PP PP 1 by 8bylt= 213
D0 PICEEB. v v cmee secmea s mea e e tmmmesaaemes e nen meseseaat amre mans amrae ans nan 1 by 7byli= 245

. 2-inch plank, 2Q feet long . ooooooiiiiiieieii it R e e e e e iaeeae et ceeaeeaeons 800
1-inel Doards, 14 06t 100 v en oo v oot vamn ceees e e e nansam ey mees craame e semc s eea et maan renes 500
1-incli Doards, 16 £8et 10ng . cue cemean cnen e et e amcmt ciar s ieats tahe csan i vas teem e aseeeneman e ts v enn 4,500

) 0,005

sawed timber. The plan of foundation timbers (Fig. 15) is drawn for square timber, but in a region like the northern
field, where the wells are chiefly located in forests, these timbers are often hewn from the trees around the well:

The foregoing dimension timbers may be either pine or hemlock, the latter being used almost exclusively at the

HARD-WOOD LUMBER (OAK OR MAPLE).
Inches. Fest.

2by 8by16

1 LY. S L TR LT TP LT EE PP =
T T TR TR TR LRI 2hy 12 by 12 =

e Wed BT . s v ewren oo ceac e somcnncana esoasaasant secnac snan o eas o nan earrrseaes smnraman PR
Sawed lumber....... T L T
AT LI DT ¢ e e v cec sammas cmamer cmascanmescnmsnssnemmn suss smvesnmauess shaacs eunmrs sonn ssesrars camnonsa

Total, 17,000 feet of lumber for a rig.
To put the rig together requires—

10-DERTY MAIIE - ccnnn s vne o etn s aas dm it et ane reea s i ieeas smse e emeees e some el e ans
D0-PENNY TAIIS « oo cons coee s seen oaoma oot n oo heemen seacesissmeaaaetseaenaeesasessanoans o cnne
B0-POINY TATIE ¢ e cen oec e e e vmamms ot ae e oo e e en s emaa ke SAassareetaameetas s eaesccemtansonroaaon
40-PONNY DAIIE «oaver vgemesacncnramcatrinemmearmmnr e caae aanes e o teeemranedeaaces ity

2701 S LT L L LI TR T TR PT S P PR PEP R PR TP PEPRTPRTPRTE

S AP-HIDEES o v s weme e canmnnn e cmmone amacas Amers sore baan same e Smeman e aer eo el el seanescns
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1f the wheels for reeling the cable and sand-pump rope are not purchased separately, but are made with the
derrick, there will be required:
32 arms for 2 bull-wheels.
104 cants of 3 feet 9 inches radius for 2 bull-wheels,
32 cants of 4 feet 6 inches radius for band-wheel.
8 cants of 3 feet 3 inchesradius for tug-pulley.

HARDWARE (RIG-TRONS).

1 wallking-beam .stirrup, 2§ inches by % inch.

4 holts for securing the same by a wooden cap to the walking-beam.

2 boxes for band-wheel shaft, habbitted, and each with 4 bolts.

1 band-wheel shaft 4 feet 6 inches long, 34 inches diameter, with 1 crank, 14 to 46 inches stroke, 6 loles; 1 wust -pin, 2§ Jnches
diameter; 2 flanges, 24 inches diameter; 2 flanges, 20 inches diameter; 12 flange-bolts, 7 inches long, £ inch dnmeter b steel
keys for flanges and eranlk; 1 collar and sej serew (not always used).

1 saddle for walking-beam.

4 bolts for same.

2 side irons, boxes and bolts for samson-post.

1 derrick-pulley, 20 inches in diameter.

1 walking-beam hook, to hold temper-screw.

1 sand-pump pulley.

2 gudgeons, with bands, for bull-wheel.

The derricks require each about thirty days of skilled and ten days of ordinary labor. During the census
year they cost from §325 to $400, according to the cost of getting the materials to the place where the rig was to
be built. At the same time a set of “rig-irons” cost from 875 to $100. A rig for winter use must be closed in,
and therefore requires a larger outlay for 1-inch Inmber, The increased expense, however, amounts to only a small
sum,

Tigs. 16, 17, and 18 represent plans and elevations of a full oil-well rig.  As originally drawn, they were prepared
by H. Martxn Chancu from working plans furnished by J. F. Carll.  They exhibit in great detail the construction of
a “rig?” suitable for drilling a well from 2,500 to 3,000 feet in depth. The following description is abudned from
the report of the Second Geological Survey of Penns) leaozea, Report II1:

The mud-sills ¢ (Fig. 15) are generally sunk in trenches where the nature of the ground admits of its being
. done. They have gains cut into them to receive the main sill  and sub-sills e and ¢/.  After all have been put
in place and leveled np, the keys or wedges & ave driven, and the whole foundation is thus firmly locked together.
The samson-post & and jack-posts [, s, and » are dovetailed into the sills and held by properly fitted keys, , as seen
in the side elevation (Fig.1G6). The braces are all set in gains and keyed up, no mortises and tenons being ysed
in the structure, the advantages of which are (1) greater strength; (2) the keys can be driven to compensate
shrinkage; (3) the posts and braces are easily put in line and kept there; (4)-the whole is easily taken apart for
removal.

Referring to the horizontal projection (Ifig. 17), it will be observed that thre samson-post is placed flush with
oue side of the main sill, and the band-wheel jack-post is put fush with the other side. In this way the walking-
beam will run parallel with the main sill.  If the main sill is less than 24 inches wide, these posts must, in ovder to
get a bearing upon it, be set toward the center of the sill, the effeet of which will be to throw the derrick end of the
walking-beam to one side of the center of the derrick, and thus throw the engine and running-gear out of line with it.

If, therefore, the main sill be less than 24 inches wide, it should be placed in position and the point marked on
it where the center of the samson-post is to come; then mark also the point on which a perpendicular will fall from
the center of the wrist-pin. The dimensions of samson-post and band-wheel irons, with the length of the walking-
beam, easily furnish these points, throngh which a chalk-line should be snapped, and all the work squared to this
line. This throws only the main sill out of square with the other work. On this account.a slightly crooked stick
is found serviceable for a main sill.

A great variety of boilers are used, but the one in general use is a tubular boiler construeted very nearly on the
plan of a locomotive boiler. Tormelly the Doiler was seb up in the engine-house, frequently with the engine bolted
oun the top or side of it, or the whole thing was mounted on wheels; but the heavy drilling tools employed in the
deep wells now drilled rendor a stationary engine necessary.  The plfm of drilling dry wells, now so universal, has
leen aceompanied with so many fires and explosions by the ignition of gas at the boiler that prudence has c'msed the
boiler to be removed to some distance from the engine and well. When near the oil-rock, it is now customary to
remove both boiler and forge from near the derrick until the gas and oil are under control. A large boiler, centrally
located, is sometimes used to supply steam to the engines of several wells that are being drilled simultaneously.

A 10 or 15 horse-power engine, I, with a reversible movement, is bolted to the engine-block b (Fig. 16), and by
means of its driving-pulley carrying-belt, o o, communicates mo’aon to the band-wheel m, and through it to all parts-
of the machinery. = The throttle-valve ! llS operated by a groove vertical pulley. TFrom this pulley an endless cord,
called ¢ the telegraph”, extends to the derrick and passes around a similar pulley, # #, fixed uponihe headache-po‘st
2, within easy reach of the driller, The driller has thus an easy control over the throttle-valve, and can stop and
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start the engine or increase or decrease its speed without leaving his position (Fig. 16). The reverse link pp is algo
operated from the derrick by the cord ¢ ¢, which passes over two pulleys, one of which is fixed in the engine-house
and the other on the derrick. A slight pull raises the link and reverses the motion, which is restored as soon as
the cord is released and the link drops back.

The band-wheel m receives its motion direct from the driving-pulley of the engine, to which it is connected by
the belt 0 0. On or near the end of its shaft o is the bull-rope pulley %, and upon its other end is the crank o/,
This erank has six holes to receive an adjustable wrigt-pin p, which is easily moved from one hole to the other to
regulate the length of stroke required in drilling or pumping. As the band-wheel communicates motion through
the pitman ¢ to the walking-beam while drilling; to the bull-wheels, by the bull-rope # r, while running up the
tools; and to the sand-pump reel, by the friction pulley w, while sand-pumping, all of which movements are used
separately, the machinery is so constructed that the connections may be rapidly made and broken. The sand-pump
reel 2 is put in motion by pressing on the lever », which is joined by the connecting-bar # to the upright lever
t. This brings the face of the beveled pulley w into contact with the face of the band-wheel. The sand-pump
descends by gravity and is checked in its motion by pressing the lever » back in such a manner as to throw the
friction-pulley w against a post, which acts as a4 brake.” The sand-pump line is a cable-laid rope, seven-eighths of
an inch in diameter, and is coiled upon the shaft z, from which it passes over the pulley 4 4, and thence to the
well mouth. The most common sand-pump is & plain cylinder of light galvanized iron, with a bail at the top and
a stem-valve at the bottom. It is usnally 6 feet long, but is sometimes 15 or 20 feet in length. As the valve-
stem projects downward a few inches beyond the bottom, it is only necessary to let it rest on the bottom of the
waste-trough in order to empty it. Other forms of sand-pumps are more complicated in construction.

The walking-beam connections cannot: be interrupted without stopping the engine. When diseonnected, it is
tipped at an angle of about 259, which thiows the derrick end back about a foot from its perpendicular over the
well, and thus removes it from interference with cables, tools, sand-pumps, ete., asthey are runup and down. The
headache-post receives the walking-beam in case the wrist-pin should break or the pitman fly off. Itis about 8
inches in section, and is placed on the main sill, directly under the walking-beam, in such a manner that in case of
accident the walking-beam can fall only a few inches. (a) TFig. 19 shows the interior of a closed derrick at night,
with the use of the temper-screw and derrick light.

Seorion 3.—THE DRILLING-~TOOLS.

The illustrations given in this report are only those of the ordinary drilling-tools. The tools used for “fishing?
other tools, broken or lost anywhere from 100 to 2,000 feet from the surface, are too numerouns even for mention,
These tools are of all kinds, from the delicate grab, designed to pick up a small piece of valve-leather or a broken
sucker-rod rivet from the pump-chamber, to the ponderous string of ¢ pole-tools” containing tons of iron, which,
at a depth of 1,500 feet or more, can unscrew a set of ¢stuck tools” and bring them up piece by piece, or cut a
thread on the broken end of a sinker-bar or an aunger-stem, to which teels can be screwed fast, so that it may be
loosened by the use of “whisky jacks?” at the surface. (b)

" A string of drilling-tools is represented together in Tig. 5, Plate VI, and separately in Figs. 20 to 30. The
string weighs about 2,100 pounds, and consists-of two parts, separated by the jars. The lower portion, or drill, that
delivers its blow downward and cuts the rock, consists of the bit (Figs. 20 and 21), the anger-stem (Fig. 22), and
the lower half of the jars (Fig. 23). The upper portion that delivers its blow upward consists of the upper portion
of the jars (Fig. 23), the sinker-bar (Fig. 24), and the rope-socket (Fig. 25). The upper link of the jars, by delivering
an upward blow upon the auger-stem and bit, prevents the bit from sticking and remaining fast, while the elasticity
of the cable permits the motion of the walking-beam. The *jars? therefore become the center of importance as
well as of action. They were invented in 1831 by Billy Morris, but were never patented. TFig. 23 shows a pair of
jars closed and another opened, with cross-sections. They are made like two flat links of a chain, with a male screw
‘attached to one link and a female screw attached to the other, The slots in the links are each 21 inches long, and
the cross-heads 8 inches deep; there is, therefore, 13 inches of “play? to the jdrs.

J. F. Carll, in Report II1, Second Geological Survey of Pennsylvania, page 299 et seq., says:

The manner in which the jars perform their work may be hest explained, perhaps, in this way: Suppose the fools to have been just
run to the hottom of the well—the jars closed as in a, Fig, 23—the cable is slack. The men now take hold of the bull-wheels and draw
up the slack until the sinker-bar rises, the *“ play” of the jars allowing it to come up 13 inches without disturbing the anger-stem.
When the jars come together they slack about 4 inches, and the ecable is in position to be clamped in the temper-serew. If, now; the
vertical movement of the walking-beam be 24 inches when it starts on the np-stroke, the sinker-bar rises 4 inches and the cross-heads
come together with a smart blow, then the auger-stem is picked up and lifted 20 inches. On the down-stroke the anger-stem falls 20
inches, while the sinker-bar goes down 24 inches to telescope the jars for the next blow coming up. A skillful driller never allows his jars
to strike on the down-stroke. They are only used to *jar down?” when the tools stick on some obstruction in the well before reaching
the bottom and in fishing operations. An unskillful workman sometimes *looses the jar ” and works for hours without accomplishing
anything. The tools may be standing on the bottom while he is playing with the slack of the cable, or they may be swinging all the
time several feet from the hottom. If he cannot Tecognize the jar, he is working entirely in the dark;bub an expert will tell -you the

a J. F. Carlly Rep. I1I, Sec. Geo. Surv. Penna., chap, xvii. : b I'did., p. 208.
6
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moment he puts his hand upon the cable whether the drill is working properly or not. As the ‘‘jar works off 7, or grows more feeble, by
reason of the downward advance of the drill, it is ‘“tempered” to the proper strength by letting down the temper-screw to give the jars
more play.

The temper-serew, Fig. 26, forms the connecting link between the walking-beam and cable, and it is “‘let out” gradually io regulate
the play of the jars as fast as the drill penetrates the rock, When its whole length is run down, the rope clamps play very near the welk
mouth, The tools are then withdrawn, the well sand-pumped, and preparations made for the next “run”. With the old-fashioned
temper-screw a great deal of time was spent in readjustment, for it had to be screwed up by tedious revolutions of the elamps, But thise«
delay is now obviated. The nut through whicl: the serew passes is cut in halves, one half being attached to the left wing of the screw-
frame, the other half to the right wing. An elliptical band holding the set-screw a passes around the nut.- It is riveted securely to one
of the halves, and the soet-screw presses against the other half to keep the nut closed. The wings b are so adjusted that they spring
outward and open the nut whenever the set-screw is loosened. 'To ‘‘run up? the screw the driller clasps the wings in his left hand and
loosens the set-serew ; he then seizes the head of the temper-serew in his right hand, and, relaxing his grip npon the wings, the nut opens,
when he quickly shoves the serew up to its place, again grips the wings and tightens the set-screw,

The dimensions of the different tools required to make up a set are given in the figures that represent them.

The lengths of the different parts are given helow:
Feot, Inches.

ROPB-B0CKBY «n e o i i e et e eeectuceene maaceeeane cmeams aa e e anae 3 6
Sinker-bar............ e teeee e e e e et e asama e e e cmeaeetaneeeee e, annn 18 0
JaYB. ot e e e e s vas e eeen e e ma e e era e ameamt e e, 7. 4
B ¥ 77 N S 30 A
10,1573 c) 3 U U PPN 3 3

62 1

The wings of the temper-screw are 1} inches by § inch, and 4 feet 6 inches long. The screw is 18 inches in
dJameter and 4 feet long, with two square threads to the inch. The weight of the string of tools is as follows:

Pounds.
D R 0} 1T T £ 80
Fig. 24.~—Sinker-bar, 33-Ineh . coe et e i i it et v e it cers e eeen saeees D40
Fig, 23, —Jar8, D3-I00I vt e onene ittt vmte caae cittimmme v mcmaacac sasaneabes cacatncmc e eeeaasens e aane 320
Fig, 22— AUZOr-SEOIN a it o eie ries seaebaaet sememt e ris caeae arne smemme sk eseeas ame s mmea s aaann e 1,020
- B & g e 140
2,100
The other tools weigh as follows:
. Pounds.
Fig. 26.—Temper-8erew coe. cooivnirvamceeeennn cammans et e eeen e re e rae e e 145
Fig, 23.~~Jars, B-INCIl cacean cavaas tvacat i it i ci it recasean i maa e dnmaes canver naaraas e H65
Fig. 20.—Two bits, 8-ineheuean. oot e e ce et e meen e e 320
O R Ly 1 1 T g 180
Fig. 21.~Two hits, S3-Ineh. e i e e e veee sr e i e e 280
Fig. 29,—Reamer, 5§-inch ............. e et e e —ere e tmmen e eeaans 140
Fig. 27.—Ring-80ekeb . o oo i e i et sttt ieiersreeren e i meen e e 50
Fig, 28.—TW0 WIeICHeS.neuut cannes ciaan et etes cionrrrsnnesraraasaasnnnnnnmne soencsannnonnsaaon cmnn - 210
1,890
Total Welght of Set.ces ceainniamiae i i i e iinet vemene e e i eras e e e 3,990
Total cost Of Boti - .. ceee e it e i s ee e e eeemre eemr rmanee saan s mmman e amna sens %700
Driller’s complete outfit, inclnding cable, costs abott. .o e e e e rnniaee e 900

These tools are made of the best of steel and Norway iron.

SEdTION 4—DRILLING WELLS.

By reference to Chapter I, page 6, it will be observed that the Ruffner Brothers “provided a straight, well-formed,
hollow sycamore tree, with 4 feet internal diameter, sawed off square at each end”. This was placed on end, and
by digging out beneath it was gradually sunk to the bed-rock., This device was in time replaced by a smaller
conductor, that was placed in the center of a sort of shaft or well that was dug (when practicable) to the bed-rock.
This conductor was made of two-inch plank spiked together, 6 or 8 inches square on the inside, and placed in
position vertically beneath the center of the derrick floor, as shown in Fig. 1, Plate VI, and Fig. 31. When the
bed-rock is below a depth to which it is practicable to dig, an iron pipe is driven to the rock (shown in Fig. 3, Plate
V1, and Fig, 33). When the “drive pipe”is to be ingserted a *mall” and ‘ guides” must be provided. This mall is
made of any tough, hard log that will dress 15 to 18 inches square and 10 or 12 feet long. Two sides only are
dressed, one end being encircled by a heavy iron band, to prevent its splitting, the other having a strong staple
driven into it, in which to tie the cable. Two pairs of wooden pins #re put into each of the dressed sides, one pair near
the top, and the other near the bottom. They are two inches apart and two inches long, the guides fitting between
them. The guides consist of two 2-inch planks, placed perpendicularly upon a line drawn through the center of the
well at right angles to #he walking-beam, and 16 or 18 inches apart. They are securely stayed and stréngthened
by having narrower plank nailed on bohh sides of them, leaving their edges projecting 2 inches toward each other,
to enter between the pins on the mall.
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The well is started by spndding. To do this a short cable is run up over the crown pulley in the top of the
derrick. One end is attached to the ring-socket (Fig. 27) and screwed to the auger-stem; the other is passed around
the bull-wheel shaft two or three times and the end left free. The bull-rope is now put on and the engine started.
A man in front of the bull-wheels seizes the free end of the rope coiled around the shaft, a slight pull causes the
coils to tighten and adhere to the revolving shaft, and the auger-stem rises in consequence, until it hangs suspended
on the derrick, when it is swung over the spot where the well is to be started. The engine is kept running and the
bull-wheels continue to revolve, but the man holding the shaft-rope has full control of the tools, When he pulls
on the rope the coils at once “bite” the revolving shaft and the tools rise; but when he gives lis rope slack they
~ fall, and so long as the coils remain loose upon the shaft it revolves smoothly within them and communicates no
motion. Thus, by alternately pulling and slacking the rope, this animated substitute for a walking-beam raises and
drops the tools as much or as little as may be vequired, while the driller turns the drill to insure a round hole.

After spudding awhile to prepare the way for the drive-pipe, the drill is set aside, and the pipe to be driven,
armed at the bottom with a steel shoe, as shown in Fig. 3, Plate VI, is put in place.

The following graphic description of the drilling of a well is given by J. F. Carll, in Report III, Second
Geological Survey of Pennsylvania, page 306:

The mall is attached to the spudding cable and let down between the guides, where it is alternately raised and dropped upon the
caging or drive-pipe by the man at the bull-wheels, precisely the same as in spudding. The casing used is of wronght-iron, screwed
together in thimbles the same as tnbing. A heavy cap of iron is screwed in the top when driving, to prevent its being injured hy the
blows of the mall.

When two or three hundred feet of pipe areto be driven, as isfrequently the case in some of our northern valleys, it requires a great
deal of gkill and judgment to put it in successfully. In these deep drivings, after o sufficient depth has been reached to admit of the
introduection of n string of tools, they are put in and operated by the walking-beam in the usual way; the cable (a shortone, furnished
for the purpose) heing coiled upon one end of the bull-wheel shatt, while the other end is left free to work the mall-rope on.

To facilitate the necessary changes, which must be made every timo the drill is stopped and pipe driven, the lower part of the guides
are cut and hung on hinges somo 10 or 12 feet above the derrick floor, and when not in nse may be swung up overhead out of the way of
the workmen,

When a sufficient depth has been reached by _spudding to admit of the introduction of afull *string of tools”, the ﬁpuddmg machinery
is abandoned.

Now the coil of drilling cable is rolled into the derrick and set upon end. The free end in the center of the coil is tied by a connecting
cord to the rope just detached from the ring-socket, and by it drawn up over the erown-pulley and down to the bull-wheel shaft, where it
is fastened ; the bull-rope is put in place, the enjgine started, and the men carefully watch and gnide the cable as it is wound, coil after
coil, smoothly and solidly upon the shafb, When this is done the end of the cable depending from the crown-pulley is secured to the rope-
socket, and the full set of tools is attached and swung up in the derrick. After carofully serewing up all the joints (the bull-rope having
been unshipped), the tools (Fig. 5, Plate VI) are lowered into the hole by means of the bull-wheel brake ¢ ¢, shown in Fig.46. Theband-wheel
crank is then turned to the upper center; the pitman is raised andslipped upon the wrist-pin, where it issecured by the key and wedges;
the temper-screw is hung upon the Walkmg-beam hook; the slack in the cable is taken up by tle bull-wheels until the jaxs are known to

be in proper position ; the clamps are brought around tho cable (after a wrapper has been put on it atthe point of contact) and securely
fastened by the set-serew ; the cable is slacked off from the bull-wheels, and the tools are now held suspended in the well from the walking-
beam instead of from the top of the derrick, as before. Some fifteen or twenty feet of sluck cable should be pulled down and thrown upon
the floor to give free movement to the drill. When the drill is rotated in one direction for some time the slack coils around the cable at
the well mouth ; if it becomes tronblesome, the motion is reversed and it uneoils. Only by this constant rotation of the drill can a ronnd
hole be insured. .

Having now made all the necessary connections, it only remaius to give the engine steam, and the drill will rise and fall with each
revolution of the band-wheel and commence its aggressive work upon the rock helow. From this point downward the daily routine of
the work is very monotonous unless some accident occurs to diversify it. Day and night the machinery is kept in motion, One driller and
one engineer and tool-dresser work from noon nntil midnight (the ¢ afternoon four”), and another pair from mldmght untii noon (the
“ morning tour”). Up and down goes the walking-beam, while the driller, with a short lever inserted in the rings of the temper-screw,
walks round and round, first this way, then that, to rotate the drill. He watches the jar, and at proper intervals lets down the temper-
screw as the drill penetrates the rock, When the whole length of the screw has been ‘‘ run out”, or the slow progress of the drill gives
warning that it is working in bard rock and needs sbarpening, he arranges the slack cable upon the floor so that it will go up freely
without kinks, and informs the engineer that heis ready to * draw out”.

] After attending to the needful preliminaries, the driller fhrows the bull-rope upon its putlay, zmd quickly steps to the bull-wheel
brake, while the engineer commands the throttle of the engine. The walking-beam and the bull-wheel are now both in motion, but at
the proper moment one man stops the engine and the other holds the bull-wheels with the brake just when all the slack cable has been
taken up, and the weight of the tools is thus transferred from the temper-screw to the crown-pulley.

This is a performance requiring experience and good judgment, for should any blunder be made a bresk-down rhust certainly result.
To loosen the clamps on the eable and unlock the pitman from the wrist-pin and lower it to the main sill is but the ‘work of a moment,
Dropping the pitman raises the end of the walking-beam with the temper-serew attached to it and throws them back from their former
perpendicular over the hole, o as to allow the cable and tools to run up freely withont interference with them. Steam is now turned on
again, and the tools come up, When the hox of the auger-stem emerges from the hole the engine isstopped. A wrench isslipped on the
square shoulder-of the bit, and the handle dropped behind a strong pin fixed for that purpose in the floor; another wrench is put on the
shoulder of the auger-stem; a stout lever is inserted in one of tho series of holes hored in the derrick ﬂoor in & cirele having a radivg a
littlo less than the length of ihe wrench-handle, and it is brought up firmly against the upper wrench-handlé, thus making a compound lever
of the wrench and greatly increasing its power. Bothmen give a hearty pull on the lever, which ¢ breaks the joint”,or, in other words,
loosens the sorew-_]omt connecting the bit with the anger-stem, so that the bit can be unscrewed and taken off by Land after it has been
brought up above the derrick fleor, The wronches are then thrown off, stenm is lot on ggain, and the bit rises from the holo. Now the
driller throws off the bull-rope by operating a lever with one }mnd, while with the other he catches the hull-wheel with the brake, lml(l.ing



84 PRODUCTION OF PETROLEUM.

the tools suspended a few inches above the derrick floor. At the same instant the engincer shuts off the steam, or else, suddenly relisved
of its heavy work by nnshipping the bull-rope, the engine wonld “rnn away” with lightning speed. It only remains now to hook the .
suspended tools over to one side of the derrick, and the hole is free for the sand-pump.

While the driller is sand-pumping the engineer unserews the worn bit and replaces it by one newly dressed, ‘0 that there may be
no delay in running the tools into the well again when sand-pumping is ended.

The ‘‘line ¥ to whieh the sand-pump is attached (as before deseribed) passes up over & pulley near the top of the derrick, and thence
down to the sand-pump reel, which is operated from the derrick by means of hand-lever » and connecting levers w and .  'While sand-
pumping the pitman remains disconnected, the bull-rope lies slaclk on its pullays, and the band-wheel is kept constantly in motion. A
slight pressure on lever v brings the frietion-pulley w in contact with the band-wheel, and the pulley immediately revolves, the slack
sand-pump line is quickly wound up, and the sand-prmp, which is usually left standing at one side of the derrick, swings out to the
center and commences to ascend.  Just now the lever is thrown back, and the connection hetween the friction-pulley and the band-wheel
being thus broken, the sand-pump cowmences to descend into the well by its own gravity., If if be likely to attain too great speed in its
descent, a movement of the lever to bring the pulley either forward against the band-wheel or backward against the brake-post will
quiekly check it, and thus the speed may be regnlated ab will.

As soon as the pump striles bottom additionsl steam is given fo the engine, and the lever is bronght forward and held firmly, while
the sand-pump rises rapidly from the well. The sand-pump is usually run down several times after each removal of the tools, to lkeep
the bottom of the hole free from sediment, so that the bit may have a direct action upon the rock,

After the hole has been sufficiently cleansed, the sand-pamp is set to one side, the drilling tools ave unhooked, and, swinging to their
place over the well month, are let down a short distance by the brake, the wrenches are put om, and the lever is applied to ““set up” the
joint connecting the replaced bit to the auger-stem. Then removing “the wrenches, the tools are allowed to run down to the bottom
under control of the bull-wheel brake. Connections are now made as before, the driller commences Lig circular mareh, the engincer
examines the steam- and the water-gauges and the fire, and then proceeds to sharpen the tool required for the next “ run?, and thus the
work goes on from day to day until the well is completed. :

The derrick and other apparatus here deseribed is that employed in the oil regions of Pennsylvania, where the
wells are deep and the tools required for drilling them are heavy. In the Fraunklin, Mecea, and Belden districts
the shallow wells require a comparatively simple and inexpensive apparatus, the derricks being often not more than
30 feet in height, and the entire cost of a well only about $300. In West Virginia and southern Ohio the “light
rigs” of the early time are still largely used, but are gradually being replaced by the higher derricks, in which
heavier tools and long lengths of pipe can be conveniently handled.

SeorioN 5.—THE TORPEDO.

In 1862 Colonel B. A. L. Roberts, then an officer in the volunteer service, conceived the idea of exploding
torpedoes in oil-wells, for the purpose of increasing the production., Having applied for a patent, in the fall of 1864
he constructed six torpedoes,and early in 1865 he visited Titusville to try his first experiment, The risk of damaging
the wells prevented their owners from allowing the tests to be made; but Colonel Roberts finally persuaded Captain
Mills to allow him to operate on the Ladies’ well, on the Watson flats, near Titusville. The explosion of two
torpedoes caused this well to flow oil and paraffine, This result produced great excitement, and led to the filing of
several applications for patents and as many lawsuits for infringement, which were all finally decided in favor of
Roberts. The complete success of the torpedo was not established, however, until December, 1866, when Colonel
Roberts exploded one in the Woodin well, on the Blood farm. This well wasa ¢ dry hole”, and had never produced
any oil. The first torpedo caused a production of 20 barrels a day, and the second raised it to 80 barrels. -This
established the reputation of the torpedo on a firm basis. (a)

The following notice of the decision of Judge Strong, sustaining the patent of Colonel Roberts, explaing the

“method of - using torpedoes and the opinion of the inventor regarding their action:

The patent consists in sinking to the botton of the well, or to that portion of it whiel passeg through the oil-bearing rocks, a water-
tight flask, containing gunpowder or other powerfnl e\:p]oswe material, the flask being a little less in diameter than the diameter of the bore -
to enable it to slide down easily. This torpedo or flask ia so constructed that its contents may be ignited either by caps with a weight
falling on them or by fulminating powder placed so that it-can be exploded by & movable wire or by electricity, or by any of the known
means used for exploding shells, torpedoes, or cartridges under water, When the flask has heen sunk to the desired position, the well is
filled with water, if not already filled, thus making a water tamping and confining the effects of the explosion to the rock in the
immediate vicinity of the flagk and leaving other parts of the rock surreunding the well not materially affected. The contents of the
flagl are then exploded by the means above mentioned, and, as the evidence showed, with the result in most cases of inereasing the flow
of oil very largely. The theory of the inventor is that petrolenm or oil taken from wells is, before it is removed, contained in seams or
creviees, usnally in the gecond or third stratumof sandstone or other rock abounding in the oil regions. These seams or crevices heing of
different dimensions and irregularly located, a well sunk through the oil-bearing rock may not toueh any of thewm, and thns may obtain
1o oil;though it may pass very near the erevices; or it may in its passage downward touch only small seams or make small apertures into
the neighboring crevices containing oil, in either of which cases the seams or apertures are liable to become clogged by sibstances in the
well or oil. The torpedo breaks thmugh these obstructions and permits the oil to reach the well.

* Judge Strong,-in delivering the opinion of the court, said:

While the general idea of using torpedoes for the purpose specified is nof patentable, the particular method of employing them -
invented by Mr. Roberts is patentable; therefore he is entitled to protection.

« Abridged from Henry's Early and Later History of Petrolewm, p. 237,
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The material used nowin the Pennsylvania oil regions is nitro-glyeerine, which is manufactured for the purpose
by the ton. This was first used in quantities of from 4 to 6 quarts (134 to 204 pounds, equal to from 108 to 162 pounds
of gunpowder). This amount was gradually increased to 20, 40, 60, 80, and even 100 quarts. When the well is ready
to be ¢ shot”, word is sent to the torpedo company, and the canisters are prepared in sections of about 10 feet in
length and 5 inches in diameter. These sections are made conical at the bottom, so that they will rest securely on
top of each other. The nitro-glycerine is carried in cans that are placed in padded compartments in a light spring
wagon, which is often driven over the roughest mountain roads with great recklessness. Arrived at the well, one
of' the sections of the cgnister is suspended by a cord that passes over a pulley and is wound mpon a reel, The
_ nitro-glycerine is ponred into the canister until it is filled, and then it is lowered by the cord to the bottom of the
well.  Another section is filled and lowered in like manner until the proper amount is put in place. Then the cord
is drawn up and a piece of cast-iron weighing about 20 pounds, and made of such a form that it will easily slide
down the bore, is allowed to drop down upon the c¢ap, which is adjusted to the last section that was lowered, At
a depth of 2,000 feet no sound reaches the surface, although 80 quarts of nitro-glyeerine, equal to 2,160 pounds of
gunpowder, may have been exploded by the hammer. After from three to ten minutes has elapsed a gurgling
sound gradually approaches the surface, and the oil, welling up in a solid column, filling the bore-hole and mounting
higher and higher, falls first like a fountain, and then like a geyser, and forms a torrent of yellow fluid, accompanied
by the rattle of small pieces of stone and fragments of the canister, in a shower of oil-spray 100 feet in height. In
five or ten minutes it is all over ; ‘25 or 30 barrels of oil have been thrown to the winds, and the derrick has been
saturated with it, so that in a short time it becomes as black as ink and as combustible as tinder. In some instances
but little oil escapes from the well, and sometimes none at all. The position of a torpedo just before explosion is
shown in Tfig. 31

‘While not disputing that in some instances the theory of the action of torpedoes formulated by Colonel Roberts
may explain such action, I am foreed to the conclusion that when a torpedo is exploded in such rock as the Bradford
oil-sand the crushing effect of the explosion is comparatively limited. The generation of such an enormous
volume of gas in a limited area, the walls of which are already under a very high gas pressure, and which is held
down by a motionless column of air of 2,000 feet (the use of water tamping has been abandoned), must be followed
by an’expansion into the porous rock that drives both oil and gas before it until a point of maximum tension is
reached. The resistance then becomes greatest within the roek, and, reaction taking place, oil and gas are driven
out of the rock and out of the well, until the expansive forces originally generated by the explosion are expended.
By this reaction the pores of the rock are completely cleared of obstructions, and the pressure of the gas within the
oil-rock continues to force the oil to the surface until it is no longer sufficient for that purpose. .

It is found that in shallow wells of only a few hundred feet in depth, likke tliose of West Virginia, nitro-glycerine
is not as efficient as gunpowder, the violent action of the nitro-glycerine throwing the column of air or water ont of
a well of that depth, while gunpowder is held down.

The expense incarred by using torpedoes in wells under the Roberts patent has led to many attempts to escape it,
and many parties manufacture nitro-glycerine in the oil regions and explode it in wells by stealth., Such torpedoes
are ealled ¢ moonlighters”. Another and more safe method is to purchase two-thirds or three-fourths the amount of
nitro-glycerine required of outside parties, say 40 quarts for a 60-quart charge, and then engage the torpedo company
to put in the other 20 quarts and fire it off, thus avoiding the payment of the royalty on the 40 quarts. These are
called ¢ settors”, . ‘

The value of torpedoes in individual cases is unquestioned; but, as a whole, their value to the oil interest is
doubtful. Some very remarkable instances are on record where the yield of a well has been greatly increased by
their use. The Mathew Brown well No. 6, in Fairview township, Butler county, Pennsylvania, is said to have
yielded an increased production of 300 barrels the first twenty-four hours, and this from a charge of iny 4 quarts,
Amnother instance is on record where a torpedo in one well increased the flow in a second well 80 rods distant so
that the yield did not run down to its former amount for six months. It is, however, the opinion of those whose
long experience well qualifies them to judge that, especially in close sand, torpedoes are of very little use. By
gome they are no longer employed. It is manifestly a destructive method of operation that yields quick results,
attended with great waste. : '

SEcrIoN 6—LOCATION OF WELLS.

The production of petroleum is in a general sense & specnlative business, It may, however, be conducted asa
regular business, involving the sagacious use of capital in such a manner as experience and judg_ment would
dictate, with due account as to its elements of uncertainty. Conducting their affairs on such a basis, there are
large corporations and individuals who command large capital and who control large tracts of proved producm_ve
territory either in fee or under leases. There are also many adventarers, who, either alone or in company with
others, Ldrill wells as they might purchase lottery tickets, losing little if they prove dry and reaping :mrich I:eward
if they prove valuable, This latter class operate almost .exclusively under leases. It fvould be impossible to
give details of the varied conditions incorporated in leases, as they are cunningly drawn in fmrm: of the lessee or
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lessor.  The lease generally provides that the lessee shall drill a certain number of wells within a certain time
and pay to the lessor, as a royalty, & certain proportion of the oil obtained, varying, according to circumstances,
from one-tenth to one-fourth., As the reputation of territory improves, the undeveloped portion of a tract held
under lease is subleased for a larger royalty or on a bonus, sometimes both., A iract originally leased on a royalty
of one-eighth is subleased on a royalty of one-fourth, with perhaps a bonus of $300 an acre in addition.

The location of wells upon a given piece of land W111 depend upon circumstances; but I think it may be safely
stated that, as a general rule, wells will be drilled along the border of a tract, rather than toward the middle.
This is often to be regarded as a measure of protection, because if A does not draw as much as possible from Bs
territory, B is quite sure to drill a line of wells and draw from A. Wells have in many cases been located with a
total disregard of all prudential considerations. In the valley of Oil creek, just above Oil City, leases of only a
quarter of an acre were taken and wells drilled on them, thus insuring about twenty times as many wells as there
ought to be, and reducing at the sawe time in a corresponding ratio the possibility of both continued yield and
profit. On the Clapp farm, at the northeast end of this tract, good wells were struck, one of which, drilled in 1863,
was pumping one barrel per day in 1881. Here the wells were not drilled close, but nearer the city six and even
eight wells were drilled on an acre, and as a result nearly one-half of them were soon abandoned. Experience has
proved that one well to five acres is as close as they should be drilled. The man who owns a lot has no safety but
in getting his oil to the surface; for as long as his land remains undeveloped he is constantly exposed to the risk
of having it sucked dry by the wells of his more energetic neighbor, and that is equivalent to disaster and financial
Tuin. If all the operators in a given district could be persuaded to enter a movement for suspending drilling, it
would in the end be mutually beneficial; but in many instances lease-holders are compelled, either by the terms of
their leases or by their own pecuniary embarrassments, to go ahead with development and realize as promptly as
possible upon their investments.

Seorron 7.—THE OIL-SAND.

The character of the oil-sand has been easily studied from specimens thrown out by torpedoes. The Venango
sand, extending from Tidioute to Herman station, in Butler county, is a conglomerate of small pebbles with large
:lnter.stltlal spaces. = The depth or thickness of thls sand varies from 10 or 12 to 125 feet at Triumph. When this
great thickness was observed, the wells were drilled into the sand from 15 to 20 feet and pumped for a while, when
it was discovered that they had not passed through the sand. On drilling through to the bottom the wells
continued to produce for a long period. The Warren sand is fine-grained, bluish in eolor, and is inclined to be
muddy, while the Bradford sand is a friable sandstone, somewhat coarse-grained, and is of a brown color.

The opinion formerly held respecting the occurrence of oil in fissures has been noted elsewhere (see page 18).
It was not only held as a scientific hypothesis, but it exerted a very important practical influence on the methods
employed for obtaining oil. At one time an instrument was very widely used for indicating the point at which
a ecrevice oceurred in a well, and torpedoes were introduced at such points. It cannot be denied that near the
surface oil-bearing rocks do cont‘un fissures. The Berea sandstone, where it comes to the surface at Berea, and
the different members of the Venango oil-sand when they reach the surface, are fissured. The experience gained
in drilling wells also shows the presence of fissures below the surface. Wells are sometimes started, and after
passing through several strata reach one where, in spite of all attempts to remedy the evil, the hole will go crooked,
the drill glancing from the rock on one side of the fissure, and the well, in consequence, has to be abandoned. At
the same time the extent to which fissures exist in the deep beds of 011 sands is now believed to have been very
much overrated. The experience gamed in sinking deep wells leads rather to the conclusion that in them the drill
penetrates a homogeneous solid sandstone, in the pores of which the oil is held under great pressure. Although oil
is sometimes found in the joints of fractured slate or shale, the solid shale is nearly impervious, often to both oil
and water, and is separated from the sandstone by a hard and whelly impervious shell or crust, which prevents
the escape of the oil and gas. Sometimes, however, this crust is absent or is thin and soft, in which case oil is
found in the sand-rock above; in other words, where oil is fonnd in the second sand the crust of the third sand is
1ot impervious.

The motion of oil laterally through the oil-sands is illustrated by numerous phenomena attending the drilling
and operation of contiguous wells. It is observed that the wells and springs of water in the superficial strata fail
when these strata are penetrated by deep wells. Even artesian wells sunk for water to the second sand are often
drained by contiguous oil-wells sunk to the third sand in consequence of the lateral movement of the water throngh
the second sand to the oil-well. It is asserted that the swampy section around Power’s Corners, in the Mecca
district, has been greatly improved Dy surface drainage through the numerous oil-wells that have been sunk in that
nelghborhood

The capacity of a porous sandstone, or even of the coarse pebble conglomerate constituting the Venango third
sand, to hold the vast quantity of oil that has poured forth from some wells has been questioned ; but when we
consider (1) the strong attraction existing between oils and dry surfaces, (2) the powerful capillary attraction
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exerted in conseguence, and (3) the enormous pressure under which the oil is held in the rock and forced out when

~ the reservoir is perforated, there seems to be no reasonable ground for doubting the sufficiency of such a source of
supply. This opinion receives further confirmation from the large content of oil proved by Dr. Hunt to exist in the
Chicago limestone (see page 63).

J. F. Carll has shown by experiment that the pebble sand will absorb from one-fifteenth to one-tenth of its bulk
of oil, and further, that ‘“the aggregate sum of the pores or interspaces of a sand-rock of this kind, as exposed in
the Walls of a Well of b} inches diameter, is equivalent to the area of an open crevice one inch Wlde, extending
from top to bottom of the gravel bed, whatever its thickness may be”. He further shows that “on Oil creek there
is generally from 30 to 50 feet of ﬂnrd sand, and also from 15 to 30 feet of stray sand, both locally producing oil..
Of this total, suppose only 15 feet is good oil-bearing pebble, we shall then have a producing capacity of 15,000
barrels per acre, or 9,600,000 barrels per square mile, which is adequate to the requirements of the most exceptlonal
cases known”. (a)

‘While the Warren and Bradford sands are quite dissimilar from the Venango sand, their porosity is sufficient
to hold their content of oil,

The occurrence of so-called slush oil at North Warren and at Limestone, in the Tuna valley, has been
attributed to fissuring of the sandstones and shales in such a manner as to allow the oil to rise into the fissures in
the shales. These cases are local and exceptional, and are therefore not to be regarded as typical of the mannerin
which oil occurs generally.

.SEGTION 3.—~THE MANAGEMENT OF WELLS,

- Having shown how the oil-well is carried down upon a reservoir of sufficient capacity to contain a remunerative
guantity of oil, it will next be shown how the well is managed after it is drilled and torpedoed. - The present methods
of management are the result of an historical progressive development, which will be best understood if discussed
chronologically and in connection with the figures in Plate VI and the sections, Figs. 32, 33, 34, and 35. Figs. 1,2,
and 3, Plate VI, and Figs. 32, 33, and 34 were originally drawn by H. Martyn Chance, to accompany Mr. Carll’s
report, and were afterward redrawn by Miss Laura Linton, with some changes, to bring them into conformity with
Fig. 4, drawn by Mr. Opperman, An examination of these figures shows the well divided into four sections, viz:
the surface section, the bottom of the drive-pipe section, the bottom of the casing section, aud the bottom section.
These different sections show the arrangements at the derrick floor, at the bottom of the drive-pipe, at the bottom
of the casing or seed-bag section, and at the bottom of the well. Fig. 1, Plate VI, and Fig. 32 show a well as
arranged in 1861. It is the direct descendant of the well of the Ruftner Brothers, and was then in use around
Tarentum and elsewhere for salt-wells. From the well-head at the derrick floor to the bed-rock was a plank
conductor or drive-pipe, which held the loose sand or gravel of the drift, From the bottom of this conduector to the
bottom of the well the rocks through which the drill had cut formed the walls of the bore, which was 4 inches in
diameter. 'Within this 4-inch hole a 2-inch pipe was inserted, with the pump-barrel screwed to its lower end. A%
a point estimated to be below that at which the water infiltrating the surface rocks entered the well the ‘seed-bag ?
was fastened in such a manner as to stop off this water from entering the bore of the well below. The pump-barrel
being securely screwed to a length of pipe, it was lowered into the well, and piece after piece connected, unti! the
point at which the seed-bag was to be introduced was reached; then a bag of calfskin or buckskin was securely tied
to the pipe immediately below a thimble to prevent it from sliding. This bag was filled with flaxseed, and the upper
end was so insecurely tied that if the tube was raised the bag would turn and empty itself. It was then lowered
and the pipe added joint by joint nntil the required amount was put in. Beneath the thimble, at the end of the last
joint, clamps were placed and securely fastened above the head-block, which rests upon the derrick floor. As the
seed-bag absorbs moisture it expands and fills the 4-inch hole so completely that all of the water above the bag is
held and prevented from passing below.: Of course this well is diilled wet, that is, full of water, no attempt being
made to stop off this water until the oil is reached and the well is prepared for pumping, Iffor any reason it became
necessary to withdraw this tubing, the seed-bag came with it, and the water flowed into the bottom of the well.

Fig. 2, Plate VI, and Fig. 33 show the well of 1868. At this time it had become customary, after sinking the
conduetor or cast-iron drive-pipe to the bed-rock, to commence a 53-inch hole, which was continued to the bottom.
The position of the seed-bag was then determined, and it was securely fastened to the lower end of a section of
casing-pipe 3% inches inside diameter, This was lowered to the proper depth. The 2-inch tubing, with the pump
attached, was then lowered to the proper depth and secured at the top with the proper clamp. This well was of
course drilled full of water, as the water was not stopped off until the tools were drawn out and the casing inserted.
Instead of the ordinary seed-bag, a patent packer was sometimes attached to the casing in place of it. This packer
was formed by pressing a sort of leather eup over an iron ring that was a little smaller than the drill-hole and was
fastened to the outside of the casing. The pressure of the column of water above held the leather firmly to the
drill-hole when the oil was pumped from below. Sometimes, as is represented in the figure, both the cup-packer
and seed-bag were used at the same time. A casing-head was screwed on, usually with one or two outlets for gas,

a Rep. See. Geo. Surv. Pepna,, 111, p. 252,
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and the gas that escaped inside the casing and outside the tubing could thus be utilized as fuel: at the same
time the casing-head took the place of the head-block and formed a support for the tubing. In this way the casing
was made a permanent fixture, effectnally stopping off the water and permitting the tubing to be introdnced or
taken out at pleasure.

" Although this wethed of drilling and casing wells was a great improvement over those previously employed,
it still presented two very grave defects: First, the well must be drilled full of water, and, second, the hole was
larger than the casing, and accidents sometimes occurred, which made it necessary to draw the casing and let the
water into the well. To remedy these defects the plan was adopted that is shown in Tig. 3, Plate VI, and Fig. 34.
Aceording to this plan an 8-inch iron pipe is driven to the bed-rock. An 8-inch hole is then carried down below the
surface water. The drilling-bits are then made smaller, and the hole is contracted to 5§ inches. A second tube, armed
with a steel shoe, is then carried down inside the drive-pipe, and ground in the tapering drill-hole to a water-tight joint.
This casing thus effectually cuts off the water. The 8-inch jars and drills are exchanged for 53-inch tools, and the
hole is carried down from that point of the same diameter as the interior of the casing to the bottom of the well, with
only water enough introduced to sand-pump properly. .The buoyancy imparted to the tools and cable by 1,000 to
1,500 feet of water is thus avoided, and the presence of oil in any of the strata penetrated is immediately nmmfcsted
bv escaping gas and soiled tools, and some‘ameb by a gush of oil that fills and overflows the well before the tools

can be withdrawn.

Mr. Carll (Report III, Second Geological Survey of Pennsy _/lwma, page 320) estimates that “the average cost of
drilling cased wells (especmlly if we take into account the reduced liability to accidends from tool-sticking, etc.)
is probably little, if any, greater than it would be if they were drilled wet. Quite an item in the cost of fuel is
sometimes realized, for a vein of gas may be struck several hundred feet from the bottom of the well, which will
fire the boiler until the work is finished?”.

The advantage of having a hole of the same diameter all the way down is very great when fishing operations

are necessary, and also when the packers which are now used are to be inserted. These are used in preparing the
well for flowing, and their use is represented in Fig. 4, Plate VI, and TMig. 35, where a cased well, with tube and
packer, are indicated in full operation. These packers are of rubber, and are so constructed that the tube within
them moves in a sliding joint. The lower piece of pipe enters the bottom of the mass of rubber, and the upper
section, being securely fastened to the upper portion of the mass, slides in the lower section in such a manner as
to press with its whole weight against the rubber and force it against the sides of the drill-hole. A well prepaved
for flowing as represented in I'ig. 4, Plate VI, and Fig. 35, and properly connected with a tank, will operate with
very little attention for months. The flow w111 finally run down either from the ethmbtlon of the supply or the
clogging of the pipes with paraffine.
‘ The clogging of pipes with paraffine occasions a great deal of trouble in the Bradford district. Thisis occasioned,
first, by the much larger percentage of paraffine in the Bradford oil, and, second, from the condensation of the less
volatile and soluble paraftines, due to the very intense cold plodu(,ed by relcasmg the oil from the high pressure
under which it exists in the rock, and consequently rapid evaporation of the more volatile portions. No attempt
has been made to ascertain accurately this temperature, but many incidental facts indicate that it is very low.

After a well has ceased to flow, and in those localities where the gas pressure is not sufficient to cause the oil to
flow, the well is pumped. In the method of pumping represented in Itig. 1, Plate VI, and Fig. 32 the sucker-rods
were introduced immediately after the pipe and seed-bag, and, after the seed-bag had had time to swell, connection
was made with the walking- beam, and the water pumped out below the seed-bag. After this water was removed
and its pressure taken from the rock the gas and oil entering the well were brought to the surface. With the
adoption of the first method of casing wells (Fig. 2, Plate VI, and Fig. 33), the water was removed from the space
between the casing and tnbing, and the oil-rock beiug quickly relieved of its pressure, the oil and gas rushed in to
supply its place, and after the removal of the water was brought to the surface. With the drilling of dry holes
the method of pumping represented in Fig. 3, Plate VI, and Fig. 34 has been adopted. In this well there is no
water to pump, and the oil is brought to the surface as long as any will enter the well. Sometimes so-called gas-
pumps are applied to wells that have ceased to yield oil and a partial vacuum has been created, with the result of
causing the oil to flow laterally into the well throngh the rock,

In some localities, where the oil is valuable and the yield of the wells swnall, as among the heavy-oil wells of
the Franklin district or in the older portions of the Oil Creek district, a method of pumping wells by sucker-rod
conneetions has been adopted. The use of sucker-rods was no doubt adopted on account of the fact that old rods
were suitable, nunerous, and cheap. An engine is attached to a circular horizontal table by an elbow-joint in such
a manner that it is made to perform a quarter revolution and return to its former position. To the circumference
of this table from two to a dozen or fifteen connections are made, in such & manner that each connection is given
an equal stroke sufficient to move a pump connection, such as is represented in Fig. 36. The pull of the engine
comes on the down-stroke of the pump, and the up-stroke of the pump is balanced by the stones or other heavy
material placed in a box on the arm, . The rods by which these connections are made for Jong distances are
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supported by light {rames, which have a swinging motion as the rods move slowly to and fro. In the Franklin
district, where theé wells are shallow, the rods are made of strips of agh 2§ inches square, najled together by
wooden straps. From thirty to forty wells are thus sometimes attached to one engine. In the White Oak district
of West Virginia, where the ground is too uneven to admit of wooden connections, motion is communicated to a
dozen or more wells by an endless rope, usually of wire, that is supported on wheels and runs up one hill and down
another and along the valleys to a convenient site for the engine. By this method wells can be profitably pumped
that would otherwise have to be abandoned.

At the Katie Hough well, on Mud run, in the White Oak district, West Virginia, in the summer of 1881, the
curious phenomenon was exhibited of pumping two kinds of oil from the same well. In this region there are
several oil horizons, and at the point penetrated by this well the first White Oak sand produces oil of 270 specific
gravity, and third White Oak sand beneath if yields oil of 450 specifie gravity. The well was in 1865 put down
255 feet to the first White Oak sand, and was pumped at intervals for 15 years; it was then reamed to an S-inch
hole, and a 43-inch hole sunk to the third sand, A tube, with a seed bag at the bottom of the 8-inch hole, was
ingerted, and the heavy oil stopped off. From this tube amber oil of 45° specific gravity is pnmped from the third
sand. A second pump and tube was then inserted in the 8-inch hole beside the other tube and proper connections
made with the walking-beam, every stroke of which pumped dark, heavy oil of 270 specific gravity from the first
sand worth 87 per barrel, and amber oil of 45 specific gravity from the third sand, worth $1 per barrel. The
Shaw well, on Gales’ I‘orL, also in the White Qak district, said to have produced $80 000-worth of oil, pumps oil
of 259 gpecific gravity from a depth of 160 feet and an oil of the specific gravity of 40° at a point between 600
and 700 feet.

It has been the cunstom around Titusville and Pleasantville, when the production of a well ran very low, to
introduce into it five to ten barrels of erude naphtha (benzine), and after allowing it to remain for a few days to
resume pumping, an inereased production being the result.

The large amount of oil that has at different times and in certain localities run to waste upon the streams has
been due to unavoidable waste, to the bursting of pipes.and tanks, the sinking of barges, and to oil which has
escaped desteuction during extensive fires. On the Allegheny river at Oil City may always be seen a thin film of
oil often sufficient to produce iridescence. The quantity of oil required to produce this effect, although apparuntly
very small, is in the aggregate quite large. Where booms are stretched across. such stleams the floating oil is
arrested and may be pumped from the surface with water into settling tanks and collected. In this way the
collection of oil has been made a profitable business, as occasion might warrant, thousands of dollars’ worth Laving
been gathered in a single season that would otherwise have gone to waste. In 186& 4,000 bamrels were dipped from
the Allegheny river and was used for lubricating oil and for making lampblack.

The occurrence of oil in the drift gravels beneath the superficial clays south of Titusville has already been
mentioned (see page 49). The oil here was pumped from shallow wells, dug only a few feet into the gravel. («)

Sroriony 9—YIELD OF WERELLS,

The average duration of the profitable production of an oil-well is very uniformly estimated at five years,
but this period is subject to very great variations. The wells in the Colorado district, northeast of Titusville, have
been pumped about twelve years, and have yielded constantly enough to more than pay expenses. In the White
Oalk district of West Virginia the Scott and Scioto wells, drilled in 1865, were being pumped in 1880. - On the
contrary, the Oole creek portion of the Bradford field had all been drilled over since 1879, and some of the wells were
abandoned before June 4, 1881, while at the same date wells were flowing near Tarport, in the same field, that were
drilléd in 1875. As a general rule, it may be said that the nearer the wells are to each other on a given piece of
property the sooner they will become unprofitable.

As an illustration: On Trinmph hill eight wells were drilled in a group, two on the edge of the belt and six
nearer the center. As each well was drilled it commenced to yield at the rate those previously drilled were yielding
at-that time, The first well was drilled in 1866, and yielded an average daily production for the first six months of
70 barrels, the second six months 41 barrels, the second year 36 barrels; it then fell off gradually unfil it reached 5
to 7 barrels, where it remained for two or three years ; it then continued to fall, until for the three years preceding
1881 the yield was only about 1 barrel a day. The eight wells were pumped with sncker-rods by one engine. The
six central wells were 9 or 10 rods apart. The sand in the center of the Triumph belt is more than 100 feet thick.

The Bconomites drilled two wells on their tract upon the hill east of Tidioute 300 feet apart. They started ut
100 barrels a day and held it three months, then ran down to 25 barrels in two years, and during the two years
following ran down to 200 barrels-a week and held about that yield for two years. Two wells were drilled in

a In the summer of 1881 quite an excitement was occasioned in Titusville hvy the discovery of oil saturating gravel beneath the
soil of gardens along the oreek. Several hundred barrels were pumped and dipped from holes or pits dug overan area of several acres.
Tt was supposed to have been theleakagd from loading racks during the Pithole development.
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positions ¢ and b. They started at 125 barrels each, and in eighteen months ran down to zero. The rigs were
then changed to the other side of the engines at a/ and )’ and the wells were redrilled. They were

@ a'  drilled deeper into the sand the second time, and were cased with 5§-inch instead of 3}-inch casing.

These second wells started off at 75 barrels a day and lasted ten years. The first wells were drilled

b by a man who had a hobby that 10 feet in the sand is sufficient, but the second wells were drilled

through 25 or 30 feet of sand.

The yield of some single wells has been enormous. One half of the Empire well was sold for $900, and it
afterward yielded $12,000 in six days. Its owners saved 3,500 barrels a day and sold it for 10 cents a barrel. The
owners of the land were unable to furnish barrels, and the royalty was put into pits dug in gravel. Well No. 4, on
the Jacob and John Hemphill farm, Donegal township, Butler county, Pennsylvania, struck by MeKinney Brothers
in September, 1873, has produced abont 110,000 barrels, and is still (1881) producing six barrels daily. The farm
upon which this well is located is among the most prolific oil properties ever developed, twelve wells thereon
producing over 750,000 barrels. The Divner well, No. 1, Divner farm, Butler county, Pennsylvania, has yielded
about 200,000 barrels, and six years after being struck produced 13 barrels a day. The Boss well, on the J. A.
Parker farm, in Armstrong county, Pennsylvania, produced about 80,000 barrels. The amount yielded by any one
well in the Bradford district is much smaller, from 20,000 to 25,000 barrels being probably the highest yield.

Secriony 10.—FLOODING,.

The proximity of other outlets appears to determine the duration of the flow of oil-springs or wells. The spring
in the island of Zante is known to have flowed two thousand years. The Beatty well, in Wayne county, Kentucky,
drilled in 1819, is still flowing, there being no other well near it. The American well yielded oil in large quantities
from 1830to 1860, but after the drilling of other wellsin the neighborhood the yield fell off, and finally ceased altogether,
It is therefore impossible for any producer controlling a small area to preserve his oil beneath the surface. «The
lateral flow of oil and water through the oil-sand has been repeatedly demonstrated. J onathan Watson, in his
experlence, had known water to run into a well when the seed-bag was removed from another one-half mile distant,
and in another instance red paint was put into one well and pumped out of another at about the same distance.

J. I, Carll, in Report LI, Geological Survey of Pennsylvania, page 258, says:

The National well No. 1 was struck in February, 1866. It was very near the northwesterly edge of a large and woll-stored pool, and
passed through rather an inferior oil rock as compared with that afterward found on the axis of the belt. Still it had a sufficiently free
connection with the supplying reservoir to farnish a delivery of about 85 barrels per day, and it maintained its produetion with wonderful
coustancy for two years, having only declined to about 60 barrels in that time. In the summer of 1868 wells were drilled on the center of
the deposit from which it had been deriving its supply. Some of these wells produced as much as 150 barrels per day. The effect on the
Nutional was immediately apparent. Its production dropped off rapidly and dwindled down to 10 barrels or less a day. * * *
Harmonia well No. 1 was on the thriving northerly edge of the Pleasantville belt. The main body of oil and the best sand-rock, as
afterward demonstrated, lay to the south, It started with a small yield, and at the end of a fortnight was pumping about 30 barrols per
day, Gradually increasing its production, as if enlarging and cleaning out the passages leading into the supplying reservoir, it finally
commenced to ffow, and ran up to 126 barrels, where it remained until wells of larger flow were drilled on the center of tho belt and relieved
the gas pressure, when pumping had to be resumed. After this it soon fell down to an unremunerative production and was abandoned.,

The early method of drilling with the well full of water prevented the escape of the oil and gasuntil the water
was pumped out; when the rock is pierced with a hole drilled dry “the effect is similar to the sudden liberation of
the safety-valve of a boiler under a full head of steam, * * * ¢“the boiling, foaming mass is driven upward against
the forces of gravity”, and sometimes shoots high above the top of the derrick. The equilibrium which had been
maintained for ages throughout the communicating portions of the rock is suddenly destroyed in the immediate
proximity of the well by this sudden rush up the drill-hole, and material gaseous af the ordinary temperature and
pressure, but fluid under the enormous pressure maintained in the oil-rock, expands and evaporates as it rushes to
the surface. This action goes forward, slowly reducing the pressure upon all the communicating portious of rock,
until the pressure on the oil filling the rock is only equal to that of the column filling the drill-hole. The pump is
now used to lift the fluid from the drill-hole, the oil being still under the pressure of the gas ascending between the
tubing and casing. The rock is still full of oil, and the pumping goes on until the pressure of the gas is scarcely
sufficient to send any of it to the surface, when a gas-pump is applied at the casing-head to one of the lateral tubes
and the pressure of the atmosphere removed. Still, after all this has been done, there is 0il remaining in the rock.
As before intimated, the oil and gas mutually dissolve each other and form a homogeneous mass,  the gas being as
thoroughly incorporated with the oil as gas is with water in a bottle of soda-water.” The effects of “flooding” or
allowing water to enter the rock partially exhausted of its oil has been the subject of much controversy. Some
producers imagine that if the rock is properly flooded the oil ean be driven toward certain points and removed to
advantage, but experience has proved such operations extremely hazardous.

J. I, Caxll has discussed this subject in great detail, and I am greatly indebted to his report and prlvate
conversations for information on this subject. He says: (a)

The first intimation of the flooding of & district is given by an increased production from the wells affected by it. Old wells improve
gradually, ranning up from 5 to 10 or 20 or even 50 barrels, After pumping in this way for some time, the oil quickly fails, and they yield

a J. F. Carll, Report III, p. 265.
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only a few barrels of salt or brackish water. * * * In some districts the movement is quite rapid, and wells are invaded and ““watered
out” in quick succession; in others it is so slow that large quantities of oil are obtained from those which are favorably located to receive
a “benefit”. TFlooding a well is sometimes a very profitable way of closing up its careor, inasmuch as it thus yields more in a few months
than it otherwise would in years, and when the water reaches it the owner knows at once whai it betokens and stops work, thus saving
the time and money usually expended in fruitless efforts to reclaim a well failing throngh natural decline. * * * In jndging of the
probable effects of the introdnetion of water into any particular oil district several things are to be considered. (1) The time of flooding,
whether early in the progress of development, while yet a large percentage of oil remains unexhausted, or at a later period, after the
supply has suffered from long-continued depletion. (2) The structure of the rock, whether regnlar and homogeneouns thronghout, or composed
of fine sand interbedding and connected and irregular layers of gravel, sometimes lying near the top and at others near the bottom. (3)
The shape of the ares being flooded. (&) The position of the point at which water is admitted in relation to the surrounding wells still pumping
oil. (B) The height (which governs the pressure) of the column of water obtaining admittance. (6) The duration of the water supply. It will
readily be seen that a femporary flooding of comparatively fresh territory, such as frequently oecurred in early days along Oil creek, {rom
the drilling of new wells without casing or the overhauling of old ones when the seed-hag was attached to the tubing in the primitive
way, must necessarily be quite a different affair from ono cansed by a permanent deluge through unplugged and abandoned wells in nearly
exhausied territory. In the former cage the flood may be checked before much water has acenmulated in the rock, and then the oil-low can
be reclaimed after a fow days of persistent pumping; in the latter, the recovery of the oil is very uncertain, because from its Jong-continued
extraction n greater capacity has been given to the rocks for storing water, and this being supplied from scattered and obseure sources,
there is littlo probability that it can e shut off, although the most thorough and systematic attempts may be made to check it.

- The effect of flooding npon adjacent wells is illustrated by the following incident related of the Oil Creek district:
A and B owned wells 200 feet apart. A’ pumped about 10 barrels a day and B’s 30. B wished to pump his, but
A thought his would not pay and stopped, when B soon found he could get only water. B offered A 810 per day
to pump his well ten days. At the end of ten days A refused to.pump, then B offered him $25 a day for twenty-
five days, at the end of which time B offered A $30 a day to pump his well an indefinite period, and A consented.
In the mean time the oil in B’s well increased gradually until it reached 75 barrels a day, and the operation proved
profitable.

-This flooding of oil territory has been proved of such importance that the legislature of Pennsylvania has
affixed a penalty to any neglect to ¢ plug ” abandoned wells. The plugging consists in filling them with sand. A
moment’s reflection will show that the owner of oil territory must have it drilled or it will be exhausted by his
neighbors drilling a cordon of wells around his property, After it is drilled, the wells must flow until the pressure
of gas is exhansted, or, as has been known in several cases, the casing and tubing will be thrown out of the well, A
case is on record where the casing-head was anchored down with chains and the flow of oil arrested, yet the gas
pressure tore away the fastenings and threw the casing out through the top of the derrick. After the oil has stopped
flowing, if the well-owner does not pump, his neighbor’s pumps will drain his territory, and if he ¢ pulls out”, the law
compels him to fill his well with sand and ruin it forever, to prevent the public injury resulting from letting down
surface water into the oil-sand. There is therefore no other alternative presented to the unfortunate possessor of
oil territory but to drill and produce, whatever the price of oil may be.
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CaarrER VIII.--TRANSPORTATION AND STORAGE OF PETROLEUM.

SECTION 1.—-;EARLY HISTORY OF TRANSPORTATION.

But few facts have come within my notice respecting the transportation of petrolenm among the primitive
peoples that have used it, In Burmah it is placed in jars and transported in them about the country. The breakage
of the jars and muck occasioned by the leakage is mentioned by Major Symes as one of the disagreeable adjuncts
of the production in the neighborhood of Rangoon. . '

In this country the Seneca oil of the eaxrly days was transported in barrels or packed in bottles, Dr. Haggard,
of Burkesville, Kentueky, very graphically described to me the ineidents attending the trip which he took to
Louisville with the first barrel of oil that was ever sent away from the American well. The odor of the oil was go
pronounced that it attracted a great deal of disagreeable attention along the road, and many criticisms more emphatic
than elegant were made by the passers-by and inhabitants along the route.

During the first years of the excitement oil was transported in 40 and 42 gallon barrels, made of oak and hooped
with iron. Its penetrating character led those interested to coat the barrels on the inside with a stiff solution
of lot glue, which forms a continuous lining, is elastie,and is not attacked by the oil. (#) Great difficulty has always
been experienced in the transportation of crude oil in barrels, due to the fact that such oil invariably contains o
trace of water, usually as much as 1 per cent., which, acting on the glue, causes the barrels to leak, and consequently
aloss of oil. To remedy this difficulty, and also to decrease the labor of handling the oil, early in 1866, or possibly
in 1865, tank-cars were introduced npon railroads entering the oil regions.  Those first introduced consisted of an
ordinary flat car, upon which were placed two wooden tanks shaped like tubs, each holding about 2,000 or 4,000
gallons to a car.

‘While this change in methods of transportation was taking place on the railroads, a corresponding one had
grown up in river carriage. The difficulty of moving such enormous quantities of material by teams was almost
insurmountable. Aside from its enormous weight and bulk, the very magnitude of the transportation, carried on
ag it was over roads badly and recently constructed, left them during a large portion of the year in an almost
impassable condition. The mud was often limitless in extent and depth, through which waded the long trains of
teams to Oil City and other points of shipment, :

The following appears in Henry’s Harly and Later History of Petroleum, page 287: ‘

Arrangements were made with the mill-owners at the headwaters of Oil ereek for the use of their surplus water at stated intervals
The boats were towed up the creek by horses—not by a tow-patlh, but through the stream—to the various points of loading, and when laden
they were floated off upon a pond-freshet. As many as 40,000 Dbarrels were brought out of the creek on one of these freshets, but the
average was between 15,000 and 20,000, At Oil City the oil was transferred to larger boats. At one time over 1,000 boats, 30 steamers,
and abont 4,000 men wers engaged in this trafile. Great loss occurred from collisions and jams. During the freshet of May, 1864, a jam
aceurred at Oil City, which resulted in the loss of from 20,000 to 30,000 barrels of oil. : . .~

Bulk barges were also introduced on the Allegheny and Ohiorivers, These were constructed with more or less
care, many of thoge first employed being of inadequate strength and too easily broken up in the vicissitudes of
river travel. As now constructed, they are made 130 by 22 by 16 feet, in eight compartments, with water- tight
bulkheads, and hold 2,200 barrels. They are still used to convey oil f‘rom the lower Allegheny to the refineries at
Mingo, Wheeling, Marletta, and Parkersburg, and also to ﬂormt the production from Burmng Springs down the
Little Kanawha to Parkersburg.

In 1871 the wooden-tank car gave place to the hoiler-iron cylmde1 car of the ples«,nt time. These are now
used in transporting erude, illuminating, and lubricating oils and other petroleum products; also residuum and
spent acid. They are much safer and stronger than wooden tanks, and the railroad companies require shippers to
use them. The tanks are of different sizes, holding 3,856, 8,873, 4,568, and 5,000 gallons each., The heads are
made of f-inch flange iron, the Lottom of %-ineh, cmd th(, top of -ﬂ,--lnch tzmk iron, and they weigh about
4,500 pounds. They are about 24 feet 6 inches long and 66 inches in diameter. Those made at present hold from
4,000 to 5,000 gallons each.

nght iron tanks on wheels are used for carting the petrolenm from Boyd’a creek to Glasgow, Kentucky, where
it reaches a railroad, ’

a The barrels are first thoroughly washed, usually with a jet of ateam, dried, snd heated. Hot glue is then putin and distributed over
the wholesurface, Then by a tube a pressure of about 20 pounds per square ineh is applied through the bung, and the glue is forced into
the pores of the wood.—Chem. News, xvi, 221,
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SrEoTON 2.~PIPE-LINES.

A wonderful revolution has taken place in the transportation of petroleum through the use of pipe-lines. The
Bradford Tra gives the following account by C. L. Wheeler :

Ho said in substance that the first suggestion of o pipe-line for transporting oil, so far as he knew, was made to him by General 8.
D. Karns at Parlkersburg, West Virginia, in November, 1860. Mr. Karns said that as soon as he could raise the money he would lay a six-
inch gas-pipe from Burning Springs to Parkersburg and lot the oil gravitate to the Ohio river, o distauce of 36 miles. For some 1cason
this line was neverlaid. Some years after, Mr, Wheeler was unable to vecall the exact date, a Mr. Hugchinson, inventor of therotary pump
which bears his name, conceived the idea of forcing oil through pipes, and explained his plan to John Dalzell and the narrater in the
latter's office in Titusville. Subsequently Hutchinson’s plans became a reality, the first pipe-line Leing laid from the Sherman well to
the terminus of the railroad at Miller farm, a distance of about 3 miles, The inventor’s idea of the hydranlie pressure of a column of
that length was certainly very exalted, and he took elaborate pains to provent the Lrealing of pipes. At intervals of 50 or 100 feet
were air chambers like those on pnmps, 10inches in diameter, for the purpose of equalizing the pressure. These queer protuberances gave
the line the appearance of a fence with ornamental posts and excited great curiosity. The weak point, Lhowever, was the jointing, whicl,
as the pipes were of cast-iron and imperfectly finished ab their ends, was very defective, and the leakage from this eauise was so great
that little, if any, oil over reachoed the end of the line. It was a sucecss theovetically, but a mechonieal failure. Thus the expectations
of easy and cheap transportation for crude eil raised by the building of the first pipe-line were ruthlessly dashed to the ground and the
inventor discontinued hisexperiments in despair.

The first successful pipe-line was put down by Samuel Van Syckle, of Titusville, in 1865, and extended from
Pithole to Miller’s farm, a distance of four miles. In the fall of 1865 Henry Harley began the construction of a pipe-
line from Benninghoff run to Shaffer farm, and finished it the following spring. Meantime the firm of Abbot &
Harley had secured control of the Van Syckle line, and they afterward purchased enough of the Western
Transportation Company’s stock to control the charter and organized undér it. The two lines thus consolidated
were brought into successful operation under the name of the ¢ Allegheny Transportation Company”.

After the doubters were silenced by the prospect of success, the enterprise met with the most determined
opposition from the army of teamsters and roustabouts, who supposed their interests were invaded by the use of
pipelines. Mr. Harley was threatened with personal violence, his oil-tanks were burned, attempts were madle
to destroy the pipe-line by breaking the joints, and personal violence was offered to the men employed upon it
A few detectives, employed as teamsters, soon effected the arrest of the ringleaders, and the opposition ceased. (a)

At the present time the pipe-lines not only form a complete network throughout the oil regions, but there are
trunk lines which extend from the oil regions to Pittshurgh, Cleveland, Buffalo, New York, and Williamsport. These
trunk lines transport the oil of large areas to those cities under a high pressure, delivering thousands of barrels
daily. They are laid for miles through the forest-covered hills and valleys of northern Penngylvania and southern
New York, across hills and rivers, on the surface of the ground or only slightly covered. These main lines
are 6-inch pipe tested to a pressure of 2,000 pounds to the square inch and joined with couplings, into which the
lengths of pipe are screwed, as are ordinary gas or water pipes. .

Rach well has a tank, usually of wood, holding an average of perhaps 250 barrels. With these well tanks are
connected 2-inch pipes, converging toward a central poins, to which there is fall enough to cause the oil to descend.
Oceasionally wells are so situated thai the oil has to be forced by a pump over a hill, -

The lines are provided with cocks and gates for opening and closing connections, and the large corporations
constantly employ a corps of men in laying and taking up pipe as connections are made with new wells or broken
with othiers. It is impossible to compute or estimate accurately the vast length of these 2-inch pipe connections.
‘Wells are connected and left to flow for months or years, with only an occasional visit of the owner or agent. Only
that proportion of the producing interest controlled by firms or corporations of strict business habits really know
approximately how many miles of pipe they own, and therefore an accurate ennmeration was found to be impossible;
but it is safe to say that there are thousands of miles of 2-inch pipe laid for transporting oil not owned by the pipe-
line companies.” These lines run everywhere through the streets of towns, across fields and door-yards, under and
over and beside roads, and terminate at pumping stations, at racks, or in storage-tanks. There. are also racks and
storage-tanks on the main lines. ' ‘ '

The pumping stations are located at central points in the valleys. These stations consist of permanent
buildings, a boiler-house and a pump-house, which contain the necessary steam-power and a steam- and oil-pump
combined in one. Many of these pumps are of the Worthington pattern, and are very powerful machines, forcing
the oil rapidly through great distances and in vast quantities, not only over the hills that are encountered in
the course of the line, but against the friction of the pipe conveying the oil; an element in the problem of vast
importance when it is remembered that the friction increases enormously as the flow of the oil is increased in rapidity.
The friction on the 108 miles of 6-inch pipe between Rixford and Williamsport, Pennsylvania, is found to be equal
to a column of oil 700 feet in height; that is to say, if the pipe were laid on a nniform deseending grade of 700 feet
between the two points and filled with oil, the friction or the adhesion between the oil and iron would prevent the
oil from flowing For these reasons the pressure carried on these pumps is frequently from 1,200 to 1,500 pounds
to the square inch. ‘ '

a Heury's Early and Later History of Petroleum.
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The racks are used for loading oil from pipe-lines into tank-cars, and are so arranged that any number of
cars, from one to an entire train, can be loaded at the same time. They are constructed after the following generak
plan: The line is brought alongside the railroad track, and perpendicular branches are brought up just as far apart
as the length of a tank-car. A platform is evected of a convenient height, and each perpendicular branch-pipe is.
provided with a stop-cock and an elbow above it. To thiselbow is attached an adjustable pipe, usually of tin, long
enough to reach the man-hole of the tank-car as it stands upon the track. To load a train it is ran upon the track.
in front of the rack, the man-hole plates are all removed, the adjustable pipes placed in position to discharge the
oil into the tanks, and the oil turned on. In this way as many cars as the rack will hold, perhaps 20, holding 2,000
barrels of oil, can be Ioaded in an hour and a half,

The storage-tanks are situated at convenient points for construction and use in filling and emptying. Standing
on the hill south of Kendall, and looking north up the Tuna valley toward Limestone, I counted about 60 of these
huge storage-tanks in sight. They are placed upon the ground without any foundation, the surface being carefully
leveled to receive them, The following table shows the relative capacity, dimensions, ancl weight of the different

SIZBS H

Capaoity.

Dinmeter.

Height.

Weight and value.

Sizes of iron,

Barrels,
87, 065, 68

31, 000, 00

28, 000, 60

18, 000, 00

10, 000. 06

5,900, 00

Feet,
95.4

70.0

Feet.
29

30

Uy

2

2048

80 tona; value, $8,000;

5 conts per pound.

80 tons; value, $8,000;
5 cents per pound.

88 tons; . valus, $7,200;
b} centa per pound.

83 tons; value, $5,830
54 oenta per pound.

456 tons; valus, $5,400;
4 centa per pound,

88 tons; valne, #5,320;
7 cents per pound,

15 tons; value, $2,100;
T-cents por pound,

64 plates, No. 6, sketch.
34 plates, No. 00, rectangular.
68 plates, No. 0, rectangular.
84 plates, No. 3, ractangular.
84 plates, No. 4, rectangular.
34 plates, No. 5, rectangular,
200.plates, No. 6, rectangular.
34 plates, No. 7, rectangular.
48 plates, No. 6, sketoh,
82 plates, No. 0, rectangular.
82 plates, No. 1, rectanguiar.
32 plates, No. 2, reotangular.
82 platoes, No. 8, rectangular,
32 plates, No. 4, rectangular.
82 plates, No. 6, rectangular.
185 plates, No. 6, rectangunlar.
40 pintes, Wo. 9, sketoh,
381 plates, No. 1, rectangulgr.
31 plates, No. 2, veotangular,
31 plates, No, 8, rectangular.
81 plates, No. 4, rectangular,
31 plates, No, 5, rectangular.
160 plates, No. 6, roctangular,
G4 plates, No. 7, sketoh.
26 plates, No. 2, rectangular.
26 plates, No, 3, rectangular.
26 plates, No. 4, rectangular.
268 platos, No. 5, reotangular.
26 plates, No. 0, rectangular,
156 plates, No. 7, rectangular,
88 plates, No. 7, sketoh.
50 plates, No, 3, rectangalar.
25 plates, No. 4, rectangular.
25 plates, No. b, rectangular.
25 plates, No, 6, rectangular.
82 plates, No. 7, rectangular.
25 plates, No. 8, rectangulor.
88 plates, Wo. 6,,8ketoh,
40 plates, No.' 4, rectangular.
40 plates, No. 5, rectangular,
80 plates, No. 6, rectangular,
20 plates, No, 7, rectangular. -
20 plates, No. 8, sketoh,
15 plates, No. b, rectangular.
80 plates, No, 6, rectangular,
15 plates, No. 7, reetangular.
44 plates, No. 8, rectangular,
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The following specifications, used by the United Lines in making contracts, will give a very good idea of their
construction : :
' UNITED PIPE-LINES.—SPECIFICATIONS FOR 35,000-BARREL TANKS,

DiveNsioNs,—Tank to be 93 feet in diameter and 30 feet high, and be composed of 7 rings.

Surrrs,—The first ring to be of No. 00 (Birmingham gauge), weighing 13.64 pounds per square foot. The second ring to e of No, 0
(Birmingham gauge), weighing 12.04 pounds per square foot. The third ring to be of No. 1 (Birmingham gange), weighing 11,40 pounds
per square foot. The fourth ring to be of No. 2 (Birmingham gauge), weighing 10.40 pounds per square foot. The fifth ring to be of
No. 3 (Birmingham gauge), weighing 9.55 pounds per square foot. The sixth ring to be of No, 4 (Birmingham gange), weighing 8.83
pounds per square foot, The seventh ring to be of No. 6 (Birmingham gauge), weighing £.15 pounds per square foot. The bobtom to be
of No. 6 (Birmingham gange), with 5 sketch plates, weighing 8.15 pounds per square foot.

. ANGLE-IRON.—The bottom angle-iron to be 4 by 4 by 3. The top angle-iron to be 2 by 2 by §. .

Rrvirs.—The bottom angle-ivon aud first ring to be riveted with §-inch rivets; the second and third rings with -ineh rivets driven
hot, and the remaining rings with -inch rivets driven cold. The vertical seams of the fivst, sccond, third, and fourth rings to be double-
riveted.

Roor.—The roof to be conical, with a rise of at least 5 feet 6 inches to the center (1.2 inclies to the foot), and to be covered with
No. 20 iron, painted on both sides, and riveted to the top angle-iron. The ends of the rafters supporting the roof must not rest on the
angle-iron, but upon posts placed next to the shell of the tank inside.

MAN-HOLE.—The man-hole to be of wronght-ivon throughont, and 20 inches in diameter, and be placed 10 inches from the bottom of
the first ving in the sheet adjoining that in which the outlet-valve is placed.

HartcHzs.—Fhere shall be two hatches in the roof, each 24 by 3 feet, provided with suitable covers. One of the hatches shall be
directly over the outlet-valve; the position of the other to be determined by the superintendent of tho United Pipe-Lines.

SwiNG-PIPES.—There shall be two swing-pipes, one of 6}-ineh casing, for oil, and one of 13-inch pipe, for water ; each pips to he 30
feet long, and to have 50 feet of chain fastened to it by clamps; the chain for the fi-ineh pipe to be f-inch, and the chain for the 14-inch

pipe to be -inch. .

Fraxaus.—The flange for the pipes to be of wrought-iron, and securely riveted to the tank; the flange for the 6}-inch pipe to e
at least 1} inches thiek where the thread is cut. ‘

VALVES AND CONNECTIONS.—The oil-valve to bo a 6-inch iron body, brass-mounted, flanged gate-valve. The connections for the oil
swing-pipe to consist of one 6-inch nipple (8 threads to ineh), with 10 inches of thread on ond end and ordinary thread on other end.
One 6-inch elbow (8 threads to inch). One 6-inch elbow (8 threads to inch) on one end, and 6} casing-thread on other ¢end. One 6-inch
nipple 18 inches long, ordinary threads both ends (8 threads to ineh)., The water-valve to be a 1j-inch iron body screwed gate-valve,
The water connections to he one 13-inch nipple, with 6 inches of thread on one end and ordinary thread on the other. One 14 nipple 6
jnches long, with ordinary thread, both ends. Two 13-inch elbows.

WinpLASS.—There shall be a windlass over one of the hatches to raise the swing-pipes.

Starrs.—The stairs to be substantially constructed and furnished with o gate. The tank to be carefully painted with red paint,
and to be completed in every part in a thorough and workmanlike mannar.

The standard tank adopted by the United Pipe-Lines is the second on the list, practically holding 30,000 barrels
of oil, and over 20,000,000 barrels of oil are stored in these tanks of various sizes.(a) The oil is subject to
‘depreciation in value from evaporation and by leakage through the root of the tank, by which it is converted into
an emulsion locally kunown as ¢ B. 8.7, from which the water will not separate antil the emulsion is heated. These

tanks are also constantly exposed to danger of fire from lightning and other accidental causes.

SeoTIoN 3.—CONCERNING IRON-TANK FIRES. .

The following discussion of the subject of tank fires is mainly abridged from an elaborate discussion of the
subject by William T. Scheide, superintendent of the United ipe-Lines:

A fow of the tanks have roofs of No. 12 iron riveted and calked, but the majority have a conical, wooden roof,
covered with No. 20 iron. The plate-iron roofs are more expensive, and do not remain water-tight. Iron roofs,
when sanken and covered with water, are especially bad, owing to changes in the form of the shell, due to
changes in the temperature, and also to filling and emptying the tank. The roof adopted is wooden, with a pitch
of 1.2 inches to the foot from the center, supported on posts set inside the tank and covered with No. 20 iron, nailed
to the wood and securely riveted to the shell.

Such a tank, containing 80 tons of iron, and resting upon 5,800 square fect of earth, upon which it is pressed by
more than 4,000 tons of oil, would seem to be safe from lightning. The danger comes from the liability of the gas
that is continually rising from the oil to be lighted from the bolt. Mr. Scheide thinks the roofs are tight enough to
prevent the escape of gas, and that the firing takes place inside; but this is scarcely possible from the manner
of their construction, and it is probable that the firing is due to the ignition, either within or without the tank, of an
explosive mixture of gas and air. Mr. Scheide considers that the introduction of the spark can take place by
following the pipes and leaping across some air Space, as the tanks and pipes of the whole region are connected in
a networlk. ‘ :

These pipes are connected with the tanks in either of two ways:

1. They run up the sides and over the top of the tank, bending into the hatchway, in which case they are
held to the shell of the tank by an iron band, fastened to the roof (making a connection), and extending 12 or 15
inches through the hateh into the tank. If such a pipe were struck, and the entire bolt was not condueted to the
earth through and over which it passes, the residue would leap through the mixed air and gases over the oil and

o April, 1882, 27,000,000 barrels.
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fire them, To provide against this such pipes are now being bolted to a ﬁange on the shell, and do not project
through it. This arrangement is necessary for station tanks, where it is required to see the flow of oil in order to
judge whether the pipe is intact.

2. As the majority of tanks are storage rather than station tanks, they are 11ob so arranged. Oil is pumped
into these through a pipe that enters through a flange at the bottom. To provide against the collection and freezing
of yater which settles from the oil about the outlet valve, the pipe is continued throngh the shell by what is called
a “swing-pipe”, the end of which is intended to be coustantly above the surface of the oil.  Tn this case, as in the
other, the residuum of a charge might leap from the pipe to the shell and fire the tank. This swing-pipe is raised
and lowered by a chain, one end of which is fastened to the pipe, and the other to a windlass placed above one of
the hatches, the chain passing through the roof. Mr. Scheide suggests that such tanks be disconnected from the
pipes, but remarks that the ground becomes very dry beneath them, and henece they are not in as complete
connection as wight at first be supposed. At the same time no such isolated tank has ever been burned.
Continuing, he says:

The great majority of tanks logt by lightning have been station tanks with pipes running over the roof; but there have been tauks
Durned where the only pipe connection waws throngl the shell near the bottom, the spark evidently going from the end of the swing-pipe.
Well tanks of wood (usually 16 fest in diaweter and 8 feet high) are guite frequently destroyed, though net more frequently in proportion
to their number than iron tanks. There is always a 2-inclh pipe leading over the top of these tanks and resting against the derrick over
the well. This derrick, being 70 or 80 feet high, is very liable to ba struck, The notewortlly point abont these fires is that the pipe that
leads to thie tank has its other end connected with the tubing and casing in the well, and is thug afforded the wost perfect earth connection
conceivable. The firing in these cases is due, first, to the presence of an explosive mixture formed by the mingling of the gas from the

“frash oil and the air; and, second, to the resicdual discharge from the eud of the pipe. Either the mixbture withont the discharge or the
discharge without the mixture would be harmless. » )

‘When a tank is fired, the roof is always blown off if there are several feet of gas space between it and the oil. There have been
instances where this explosion wag sufficiently intense to blow the tank to pieces. When, as has been the case this year, the tank is
practically full, the explosion only starts the roof, and the fire may be, and oceasionally is, extingnished by covering the vents with wet
blankets, or by turning in steam. Usually, however, a tank once fairly aflame has to burn, and attention is directed exclusively to saving
adjeining property. In’a country as broken as this it is difficult to find sufficient gronnd to separate the tanks widely without going to
unwarranted expense, so that from 200 o 300 feet is considered a fair intorval between them. Very many are much closer than this.

A tank once fairly on fire will burn from 6 to 8 inches an hour, and will not endanger neighboring tanks (unless high wind earrios
the flames over them) for several hours. The danger comes usually from the * overflow ”—the most exfraordinary phenomenon attending
an oil fire, After a period varying, in a full tank, from § to 12 hours, or evon a little more, and when the oil has burned dowu about 5 foet,
the tank suddenly and without any previous notice throws out in a grand flow from 8 to 12 feet (8,000 to 12,000 barrels) of burning oil, To
prepare for this flood all our energies are directed until it comes. Ditches are dug and embankments thrown up between the burning
tank and other property, and, if possible, the ditehes are made to open into fields, where the oil can burn rapidly and without further
damage,

'%‘he 0il burns on the ground or on water with incredible rapidity, and will not run very far from the tank. When the flow coases,
it loses its limpidity, as its lighter pavts are consumed, and when carried forward by water the flames die out in a comparatively short
distance, leaving the surface covered with thiclk, dark-green, unconsumed oil.

At certain intervals after the first flow there will be smaller flows, and in from twenty-four bo thirty-six hours the tank will be gunite
burned out.

The cause of these overflows is uncertain. They are probably owing, in pn,rt at least, to the heating of the subjacent oil, but not
ywholly.

At the Custer fire onr supeunt.endent went completely around within five minntes of the flow, and as far as he coulcl reach the tank
wasg quite cool to the hand.

The theories offered o acconntfor the overﬁow aroe chiefly, first, heating the sides of the tank causes the oil to boil; second, currents
of air cansed by the fire itself; and, third, that, as the more volatile parts of the oil burn first, the burning surface W111 after atime,
become thick enough to seriously unpede the free flow of gas from the oil beneath, and this obstrustion becoines sufficient to pormit or
cause the acenmulation of & quantity of gas so considerable as when it is suddenly velieved to canse the overflow. It is certain that tha
force excited is very great. At Custer the flow was made with such veliemence as to extinguish the flames in the tank, and for several
minutes the oil left in the tank wwas not burning, only catching again from the fire outside. ‘

To shorten the time during which the tank burns we “shoot” it with small cannon or rifles. Through the holes thus made a
considerable quantiby of oil escapes, and though the area and intensity of the fire is incveased the time of dangor is lessened, When
spouting from holes made by rifle-balls the oil burns with an exceedingly brilliant, pure white flame, almost comparable to the elactric
light. Another object in shooting is to lessen the overflow by reducing the volume of unburned oil in the tank. The flames of a burning
tanlk take a whirling motion, tending toward the center of the tank; when there is no wind the column of flame and smoke covers about
two-thirda of the surface of the tank, the strong rotary movement drawing the flames from the cireumference, The combustion is
naturally very imperfect, and the eolumn is chiefly dense black smoks, through which the flames, in gleat brilliant jets of fire, burst
contmua,lly,

In a private communication of later date Mr. Scheide says:

1. We think lightning-rodsare an advantage ; we rodded nearly all the tanks lastsummer, and the result (if it was the result) indicates
the advantage. Seven tanks were fired; three had no rods, and four had. But one of the four was a station tank undergoing repairs to
the roof, and we think the evidence is that the discharge came from the pipe. As at least 90 per cent. of the tanks were rodded, the
showing of last summer we think favorable. The rod is an inch-round iron rod 25 feet long, screwed into two iron bands (4 mches by
% inch), which cross each other at the apex of the roof and run radially to the circumference, where they are carefully riveted to the top
angle-iron, and.so to the shell. . The idea is that the shell may help discharge itself as far as possible above the roof, and the spark thus
kept out of the vicinity of the escaping gas. The bands are further fastened to the reofing iron (previously scraped and eleared) by sexews,

2. Allrecent tanks have been built without swing-pipes. An arrangement devised by one of our men keeps the water out of the
gate-valve, through which the tank is filled and emptied. We are now lowenng the swing-pipes in all other tanks on the bottom of the
tank, there to remain until fall. I'think this is quite important.
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3. The ground (elactrical) connections of the tanlks we find on test to be very much better than expéeted. Wae have had every tank
m the field tested for its electrical connection with the earth and with the reds. Owing to the extrems difficulty in obtaining a perfect
“ground” to test to, our results are only approximate, but a vast majority of the tanks show an average earth resistance of not exceeding
6 ohma, Their true reaistance iy probably much less. We were unable to get any resistance in the rod connections. We were prepared
with no less resistance coil than one-hundredth of an ohm, and none of the rod connections gave as much resistance as that coil.

4. We have increased the distance between the tanks: 350 feet from shell to shell is now the minimum distance, and the average
is 400 feet. ' .

5. We aro confident we can prevent the overflow if we can draw the oil out of the burning tanlk fast enough. A 33-inch cannon seems
about the bost instrument for the purpose, but we are experimenting with a machine that seems to promise well, which will cut a 6-ineh
hele without any jar to the tank, and be operated by power from a safe distance. About a dozen 3}-inch shots will empty o tank fast
enough to prevent an overflow, . '

6. We have given a great deal of thought to the matbter of extingnishing fives. Wo conclude thus far that this can only be done
while the roof is yet comparatively whole (it is often several hours hefore the roof disnppears), and by steam or carbonie acid. We think
sbeam the surest, as it can be generuted more steadily, We have a large ¢‘gas-engine”, witha capacity of 2,000 cubic feet per charge, buf
exporimental tests have not encouraged us. We tried it also atan actual fire, but it wasnot in first-class order, having been partly broien
in tramsit. We have built a number of 30-horse boilers and fitted them for rapid steaming with oil fuel, which we think will prove
effective. 'We expect to have at least two of these boilers at a huwming tank, with steam on, in an hour and a half at moest from when it
was struck, having organized very thoroughly a fire department at each of our tankage polnts completely supplied with every tool and
machine necessary at an oil fire. ‘

The burning of a large oil-tank at night is described as one of the grandest spectacles that can be witnessed,
Considering the fact that whenever a thunder-storm passes over the oil regions it is quite probable that one or more
tanks will burn, and also the seeming recklessness with which these vast reservoirs of combustible material are
located in and near large towns, escape from terrible disaster seems providential, There have been several serious
warnings. Red Rock station, on the Olean and Bradford narrow-gauge railroad, was burned in November, 1879.
A wooden 250-barrel tank having taken fire from a lantern, the oil from this small tank ran down the valley and
struck a large iron one. The flames being as high as the tank, soon set its contents on fire. The tank of oil began to
burn about 7 p. m., and continued to burn quietly until 4 a. m., when it overflowed. The burning oil streamed over
the sides, and, running down the main street, set the town on fire. The tank fire at Summit City was witnessed by
& large company on the hill above, who were waiting for the overflow. A man fired intoit with a Winchester rifle,
around the circumference and at about the same height from the ground, making a fountain of fire as the jets
ignited successively. Tinally the oil poured over the sides all around, and a column of flame ascended at least 300
feet in height, and spread out in a horizontal sheet, like an umbrella. A gentleman beneath this sheet of lame and
several hundred feet from the tank had his hat scorched.

Hair-breadth escapes from destruction afe often recorded. A tank near Tarport was fired by lightning in the
summer of 1880. Theexplosion split the cover across from side to side and set the oil on fire, the flames streaming
out of the man-hole in the cover, 'Wet blankets were placed over the hole at first withont success, but finally, by
dounbling them and putting wet carpets along the crack in the eover, the lames were smothered and the tank save.
On another occasion a 250-barrel wooden well tank, 16 feet in diameter and 8 feet high, nearly full of oil, and
covered with' loose boards, was fired by a thunderbolt. A workman near by wet his coat and thrashed out the
flames. His employer gave him $50, but told him not to risk his life another time for so small a value., These may
be taken as examples of hundreds of similar incidents.

It may not be out of place here to remark that very disastrous fires have sometimes resulted from the ignition
of gas at the well head when the oil-rock is perforated. One of the most disastrous fires of this kind on record
ocenrred in 1861 on the John Buchanan farm, on the cast side of Oil creek. The well was at the mouth of asmall
ravine formed by the waters of a spring, which, spreading out, had formed a small marsh. The well had first been
drilled to the first sand and afterward put down deeper, and must have poured forth a stream of 3,000 barrels a
day, as the marsh was immediately flooded with oil. The catastrophe is thus described by an eye-witness: '

Just after supper on the evening of April 17, 1861, Mr, H. R. Rouss, Mr, Perry, Mr. Bnel, myself, and others were in tho sitting-
room of Anthony’s hotel, when a laborer on the fatal well hurried into the room to say that a monstrous vein of oil had been struck and
barrels were wanted to preserveit. Al rpn to the well with the exception of myself, and I, not seeing the man who attended to the
distribution of barrels, started in the opposite direction for teams to haul the necessary packages. I had completed my errand, and was
on u full run forthe well, with less than 20 rods to malke, when an explosion oconrred which nearly took me from my feet. On the instant
an acre of ground, with two wells and their tankage, a barn, and a large number of barrels of oil were in flmnes, and from the
cirenmforence of this eirele of firo could be seen the unfortunate lookers-on of a moment before rushing out enveloped in a sheet of flame
that oxtiended far above their heads, and whieh was fad by the oil thrown upon their clothing by the explesion, * * * The woll
burned three days before it could be extinguished, which was finally done by smothering it with manure and earth, Its appearance while
burning was grand. From the driving:pipe, 6 inches in diameter, to the height of 60 or 70 feet arose a solid column of oil and gas,
burning brilliantly. Above this hovered an immense cloud of black smoke, which would seize sections of the ascending flames, and
rolling over and over, fiist exposing to the view cloud and then flame, would rise n hundred feet higher before the flume would fade
out. From the main column below millions of individual drops of oil wonld shoot off ati an angle, and then turning the arc of u cirele
drop burning to the ground, presenting all the hnes of the rainbow, making a scene like enchantment, the whole accompanied by a roar
hardly inferior to that made by Niagara T'alls, («)

Mr, Henry R. Rouse, one of the owners of this well, was among those fatally burned. On other occasions a
fountain of oil projected high into the air has burned continually for weeks before the lames counld be smothered. -

a Henry’s Early and Laler History of Pétrolenm, p. 308.
VoL, IX—T .
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Oil in trapsit in tank-cars has also oceasioned terrific fires. Travel stopped ten hours on the Central railroad .
of New Jersey in 1876 by the burning of oil cars, The following telegraphic dispatch illustrates the extent of
such disasters:

Port JERVIS, NEW YoRrK, October 5—3 p. m.—The fire broke out at 1.40 p. m., and is burning fiercely.
train, which are exploding one after the other. No one dares approach within a hundred feet of the train.
for a distance of nineteen car-lengths before trains can pass.

The following is from Stowell's Petroleum Recorder, June, 1880:

The greatest oil fire on record ocourred in Titusville, Pennsylvania, on the 11th of June, 1880. It continued three days, and was
caused by lighining striking a large iron tank filled with crude oil on a hill south of the city, from which the burning fluid rolled down
the declivity, consuming refineries, tanks of crude oil, tanks of benzine, tanks of distillate, houses, stables, and bridges; burning some
200,000 harrels of oil, 8 or 10 iron tanks, 2 refineries, 2 bridges, 20 or 30 dwellings, and everything that could be burned in its resistless
course to the creek below. The estimated loss was $300,000.

The United Pipe-Lines mutually insure their patrons against losses by fire and other accidents. The following
notice will illustrate the manner in which the assesgments are made after any accident which involves a loss of oil:

There are fifteen cars in the
Rails will have to be laid

GeNERAL OFFICE UNITED PIPE-LINES,
0il City, Pennsylvania, August 30, 1880,
The patrons of the United Pipe-Lines are hereby notified that all credit balances upon the books of the United Pipe-Lines at the
cloge of husiness August 28, and all outstanding acceptances issued on and before that date, are subject to an assessment of twenty-one
one-hundredths (&%) of 1 per cent. in pipeage paid oil, on account of loss by fire, on August 28, 1880, of tank United register No. 738,

located at Babceock, on the Trie railroad, McKean county, Pennsylvania,
WILLIAM T. SCHRIDE, General Manager.

SEOTION 4—CONCERNING THE STORAGE OF OIL AND ACCUMULATED STOCK.

The legislature of Pennsylvania has required the incorporated pipe-lines whose certificates are negotiéuble paper
to publish a monthly statement of their condition, The following abstract of a report made in conformity to the
- requirements of that law affords a sufficient illustration of its operation:

STATEMENT OF THE TIDE-WATER PIPE COMPANY, LIMITED.
(Made in compliance with the act of assembly approved May 22, 1878.)

First. Quantity of erude petrolenm which was in the actual and immediate custody of said company ab the beginning of the month
of March, 1881, 1,594,900.68 barrels,

Quantity of ernde petrolewra which was in the actual and immediate custody of said company at the close of the month of Mareh,
1881, showing where the same was located or held, describing in detail the location and designation of each tank or place of deposit, and
the name of its owner, viz: '

Designation of tanlk.
thirolgt?nd ;
SR undredtha of
Wood Varked Nom. Name of owner. Loeation, »bnﬁmls of 411‘2
or arxed. allona each.
iron. . bered. K
L]
Iron ...} Tide-Water Pipe Company, limited .. 2 | Tide-Water Pips Company, limited...| Otto township, McEKean county, Pennaylvania...... 25, 238. 86
Tron ...|u.u-nn L 12 | Xnapp's Creek Oil Company, limited . |....-. Q0w ainet et rrei e aan e anan 28, 803, 26
D £ O B O 15 | Hoyt & Emerson et al...... [ P B0t ey e vennnana 26, 608, 63
* * * ) * * * * * 1,459,695, 10
N 211 S P b T (o S RN Gibson’s Point, Philadelphia, Ponnsylvania ....... . 488,29
Tron ...| Tide-Water Pipo Company, mited .. i1 3 LT SRR NN L e ra— 8,110, 68
Iron ...|.c.... O eeietininrcicttnaiaccnana e 66 |...... [ P PRI Thurlow, Delaware county, Pennsylvanis. ......... 29, 884. 66
Tron ... |ceuns A0 veinie et e aas 67 |oenene L P P (ORI do.ooilil U 28, 114. 48
Total fluid in tanks....oooeevuia... Verinnnens 1, 595, 902, 86
Less sediment and surplus..cceeeveivinrssenaaa... 88, 908, 87
) Net amount of 0il in tanks....cevvuvnn... evas 1, 561, 098. 89
Contained in 188 tank-cars in transit, Capacity, 106.66 barrels 0ach «.c.oucuscacnceeirneeeenonnn Be}tr,woe‘lrl ‘Williamsport, Pennsylvania, and Bayonne, 14,719, 08
. aw Jersey.
Contained in 28 tank-cars in transit. Capacity, 108.66 barrels a0h cuveer vevecnnrriionnsanoennas Between Williamsport and Philadelphia, Pennsyl- 2,980, 48
vania,
Contafned in 41 tank-cnrs in transit. Capacity, 108.66 barrels each....oooveviceenniannnnee... Between Philadelphia and Thurlow, Pennsylvania. 4,878.06
Miles of pipe.. | Inside diameter. | Capacity por mile. | Total capacity. [Estimatedcontents,
Inches. Barrels. Barrels. Barrels.

93.95 2. 067 21. 814 2,058, 82 1, 029, 41

27.68 3. 087 48, 247 1,835. 48 1, 885, 48

14.93 4,026 83,137 1,24). 24 1,241, 24

108, 24 6. 065 188, 672 20, 421. 86 18, 379. 67
2.04 7.982 , 326, 700 666. 65 266, 65 Total oveveninninranenn Sereememmseueaianeanans 28,112, 29
0.62 12,025 41, 677 459, 84 459, 84 Total barrels «..uuuuene. wrmemrasanaenemreans b 007, 180. 80
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" Becond. Quantity of erude petroleum which was received by said company during the month of March, 1881, 159,874,651 barrels.
Third. Quantity of ecrude petrolenm whieh was delivered by said company during the month of Maxch, 1881, 145,699.68 barrels.
Fourth. Quantity of erude petroleum for the delivery or custody of which said company was liable to other corporations, companies,
associations, or persons at the close of the month of March, 1881, 1,607,189.80 barrels.

Fifth, Amount of such lxablllty which was represented by outstandmg certificates, acdBpted orders, or other vouchers, 1,325,400
barrels.

Amount of such liability which was represented by credit balances, 281,789.80 barrels.

Sixth. All the provisions of the act above referred to have been faithfully observed and obeyed during the said month of March, 1681.

No refined petroleum was in the custody of said company during the month of March, 1881, nor was said company liable during the
month for the delivery of any refined petroleum.

D. B. STEWAKT.

B, F. WARREN.
CoMMONWEALTH OF PENNSYLVANIA,

County of Crawford :

Before me, a notary public within and for said county, duly autherized by law to administer oaths, personally came D. B. Stewa.rt,
having charge of the books and accounts of the Tide-Water Pipe Company, limited, and B. F. Warren, having charge of the pipes and
tanks of said company, who, being each duly sworn, depose and say that they are familiar and acquainted with the business and condition
of said company and with the facts set forth in the above report, and that the statements made therein are true to the best of their
knowledge, information, and belief,

Subseribed and sworn before me this 9th day of April, 1881. ‘

JOHN O'NEILL, Notary Public,

At the close of the census year the accumulation of gross stocks in the tanks of the United lines, according to
their published statement, was 10,306,078.79 barrels, and of this 454,193.73 barrels was estimated to be “sediment
and surplus”. At the same time the tide-water pipe-line report gross stocks in tanks at 978,183.30 barrels and
18,657 barrels “water and sediment”. Concerning this surplus Mr. Scheide writes :

Our ““gurplus” is the amount in which our gross stocks exceed our liabilities of all kinds, and we estimate that it is large enongh
to enable ua ta deliver all the oil we owe with a safe limit. Welkeep it at from 3% 10 4 per cent, of our liabilities by monthly purchases,
Every year we make a careful inspection of the contents of our tanks. By an.instrument called a ‘'thief” we can take sampies ; from
any depth in the tank through four gauge-hatches in the roof, These samples, when not clearly merchantable oil, are carefully heated
in white-glass bottles having leveled bottoms. The heat completely separates the oil from the water, dirt, and paraffine, which last
sebtles in time into a compact mass at the bottom. There heing a clear line of separation, the percentage of oil in the sample is thus
readily obtained. In’ our calculations of the value of our “B. 8.” wo usnally make o further reduction of from 10 to 50 per cent. to
cover the expense of the separation. This can only be determined by experts. In addition to the annual inspeetion, there are two
experts engaged every day in inspecting the tanks to see whether the water or ‘B, 8.”is accumulating, which is about the only way we ~
have of finding small leaks in theroof. It is impossible to give any idea as to how fast ¢*B. S.” ig formed. ' The quantity formed differs in
the widest manner in adjacent tanks; withrain carefully excluded, its formation, after that naturally in the oil (there is asmall percentage
in almost all fresh oil) had settled, would be commercially insignificant, We have enormously reduced its formation by the careful
attention we have for two years been giving our tankroofs. I thinl that 3 per cent. is an ample surplus on a stock exceeding 20,000,000
barrels, but thoe percentage would have to inerease rapidly if the stock was materially reduced.

The total net stock in tanks June 1, 1880, was estimated to be-11,737,890 barrels, exclusive of the B Franllin pipe-
line, the Smith’s Ferry Transportation Oom pany, and the West Vlrgmm, Tra;nsportwtmn Company, all of which handle
oils that do not enter the general trade, and also exclusive of the oil in well tanks throughont the Pennsylvania
region. The condition in which mueh of this vast quantity of oil actually is can only be determined when it is
drawn out of the tanks, in which some of it has been stored for years, although the larger portion of it is not allowed

. to remain more than two or three years without being changed. Oil soon loses the more volatile portion by
evaporation, and increases in density, becoming more difficult to refine, but in other respects remaing unchanged in
quality. ¢ Tormerly, when stills were run slowly, and the product desired was the greatest possible percentage of
illuminating oil, age was an advantage, and for many years oil of 45° gravity and under was worth one-half cent
a gallon more than lighter oil; indeed, by a rule of the New York produce exchange, no oil of over 47° was
merchantable except at a eut. Tor several years the greatly fncreased value of the other products of distillation
has completely changed this rule.” The oils in the tanks are therefore kept as new as possible.

William T. Scheide, in a private communication, says:

01il is steamed in winter to free it from snow and ice and in cases to make it more hmpld a8 oil from very ¢ gassy ¥ territory thickens
rapidly in the cold and will nob run throngh any long line without warming. Orders are that the 'ml shall not be heated above 80° or
90° ¥, and not run warmer than 65° to 70°; but these figures are, no doubt, frequently exceeded, There is a great loss in this steaming,
both to the producer hecause of the evaporation and to the pipe-line beeause of the condensed steam held in the oil. Many merely blow
steam in and do not usually heat with a coil, as they should,  The United Lines deduct from the amonnt shown by the gauge one-tenth of
1 per cent, for each degree F. that the temperature of the oil run stands abeve the temperature of the oil in three iron tanks at either
Tarport or Oil City (according as the run is made in the upper or lower country), which are held untouched for this purpose, :

B. F. Warren, of the Tide-Water Pipe Company, has made a very careful study of the effects of steaming oil,
and has reached soine conclusions, which are embraced in the following communication :

Inclosed find a tabulated statement of some results which I obtained in experiments in the field with steamed oil. You will notice
some wide variations and apparent discordance in the results. These are mainly due to the imperfections of the tanks. You will
understand that the tanks are of wood, and the action of steam is apt to make them leak, so much so that we almost invariably are
ohliged to *drive hoops” on tanks at the end of the steaming season. Some careful laboratory work gave me a rate of increase for each

degree of heat from 40° o 80° F, at 0.000465; below 40° the rate of increase or decrense was noticeably less, although not measurably so,
with the facilities which I was possessed ; above 80° the rate seems to increase rapidly.
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COMPARATIVE RESULTS OF STEAMING OIL, FROM TESTS MADE IN THE BRADFORD OIL-FIELD.

& |
E COLD. STRAMED.
2 % 4 H
& Owner. District. P 84 g8 | Increase . Rate of
'a gg Gauge. é‘é Gauge. g 5 5 ?,f 1?;&3‘;{1: ﬂl“’ia]t}ta.r& img::ae. mc;gf?:](; for
E & L™ ﬂ &c GOTCE,
_ Deg. .y Tt In.| Barrels. || Dey. F. Ft. In. | Barrels. | Deg F. Deg. F.
b Bradford........ 30.7 6 11§ 236, 52 7.0 7 48 248,91 46.3 13.39 9, 62 1.64 0, 00020
811 | W.Chamberg.......... ‘West Branch... 3.8 6 11§ 229, 59 103.8 7 1 234.41 66, 0 4,82 9,41 4.82 0. 00036
30 Robbing......... Dallas caccnecnn. 20.0 8 11 228, 58 86.0 7 4 286,91 60. 0 12,83 1,26 10, 08 0, 00072
48 | Ford & Weaver........ PR (s SO 3l.0 5 8 181, 68 80.0 B 9% 190, 66 49,0 9,08 |vaneemnnne]oancerna fonmmvenanenn
380 | Knapps Creek Comp'y. Rixford ......... 28.0 7 2 236. 92 86,0 7 L] 246, 90 67. 0. 9,98 . 9,28 0,72 0. 00006
459 | Larmouth.-ccoon.vaacs. Dallag ceucenenn.| 26,0 ki 1 220.72 100.0 7 7 245,70 74.0 15, 88 2,60 12. 52 0. 00074
677 | D. A Wray..ecuuseo...{ Colovilla........ 40.0 14 6} 761, 80 63.0 14 10} 778,13 23,0 16,77 b E1 5 N R PP
703 | Evans & Houtz........|. P 1L R, see.| 880 4 10% 169. 91 94.0 5 1 176. 89 6L. 0 [ 08I Y R IR
740 | Evans & Thompson....| Bordell 34.0 10 7 - 549, 59 84.0 11 0F 571,388 50.0 2170 5, 94 15. 86 0, 00058
838 |...... [+ U RPN 80.0 10 8% 6537, 84 90.0 1 4 665, 10 60.0 27.76 11. 05 18.71 0, 00055
969 | Union Oil Company....|. 82.0 [} 3 214, 80 82.0 6 11 224,11 50.0 9,81 6,58 3.78 0, 00035
970 40.0 6 0% 216, 03 85,0 7 0% 223.22 45.0 I [N PO, 0. 00074
1026 32.0 5 11 169. 76 86,0 (] 8 210, 22 53.0 10.48 4. 567 6,99 0. 00066
1027 40,0 6 8% 209, 97 90.0 7 01 218.20 50,0 8.32 2,38 5. 04 0. 00060
1069 40.0 8 9% 243, 62 86,0 i [} 250, 32 45. 0 [ {1 P 0, 00061
1060 28,0 7 4% 263. 12 86.0 7 ] 277,71 57. 0 14, 59 2.87 11.72 0. 00078
1064 30.0 ki 0} 252, 66, 160.0 7 7 271, 96 70.0 19,80 0,75 18,566 0, 00106
1085 84.0 7 13 255, 77 88,0 ki 8% 262, 50 54.0 6,73 4.48 2,25 0. 00020
1074 |eenans 34.0 T 3% 269, 88 80,0 7 63 269, 44 46.0 9, 58 0.68 8,88 0, 00074
1078 [eeenee@lO vuvnininnnaans 40.0 6 3 222,75 85,0 [} 6 281, 66 45.0 8,901 1.49 7.42 0, 00074
1076 ...... [0 P wane . 42.0 [} 3 228. 28 90,0 6 6% 234, 87 48.0 | 1L14 8.71 7.48 0, 00064
1076 jeeue.. 17, 2, R () S, . 40.0 .7 3% 280, 36 82.0 7 73 271,27 52.0 10,901 0,70 10.21 0, 00075
AVOrage .cuvennn.. cmvnen e | ) PP ey R PRI BUTIY IO 0. 00058
.E COOLING
. v Gauge
& Owner. District. . é g g ¢ |Docrenss 1 Bi'ate Og Il when run Roemarks,
3 £ Gange. £ jof volume|"oeTOBE IO ‘
g g8 88 (inberrels. dggree
& = & X
Deg.F.| Ft. Im. | Barrels,|Deg. F. Deg. F. Ft. In.
o1 S 1O R Bradford........ 43.0 7 2 . 241.88 84.0 7.03 0. 00085 7 2
| 811 | W. Chambers. .| Weat Branch ...| 907 6 114§| 280.08| 13.0 4.83 0. 00150 7 1} %Tlég 5;2%‘3,&2@531 3“;1333’,‘53& di‘iﬁiﬁ:"rfﬁa 0;’
30 Rabbins. . .| Dallag «oeveunnn. 88.0| 6 1% | .224.83| 180 1L08| o0.00273( 6 11 Tonk in t
48 | Ford & Woaver........ [ . [ I 66.0 6 B} 188,07 REN] 2,50 | 0.00006 6 8 | Water not dmwn.
380 | Xnapps Creek Comp'y.| Rixford......... 70,0 7 1 284, 41, 12,6 2,51 0. 000856 6 9} | Contained an excessive nmount of wator.
450 | Larmonth. coeeenanian.. Dallag . ........ 88,0 7 5 230,72 32,0 5,08 0, 00078 7 4 |
677 | D, A Wray.... Coleville ........ 80.0{ 14 10% 776.28 8.0 1.856 0, 00081 14 5
708 | Bvans & Hout#........ RN 1. R I (N 8 0 174,10 24.0 2.79 0. 00066 5 0 | Water not drawn.
740 | Evans & Thompson....| Bordell ......... 70,01 10 11 605,46 | 14,0 5. 938 0, 00075 0 95
88 I...... [ R IR U, IO L0 11 2 657, 84 19.0 7.26 0. 00070 0 11
960 | Union Oil Company....|....do ..... [ 62,0 6 104 221631 200 2,48 0. 00056 6 8
070 foeaens [ (L Y RN : 1, SO, 86,0 6 113 221.48 | 20,0 L78 0. 00042 6 113 | Water not drawn.
.4 1028 {...... 31 Y PSR [ I, 67.0 [ 2 207,61 18,0 2,61 0. 00070 8 0}
1027 |.e.en. Q0 ceveennaneneence]ennn A0 -veevannnn. 6.0 6 11 215.32 | 22,0 207! o.00080|| 6 10 :
b (1] SR ;) S veeelO daaiiaiiill] 60,0 6 11} 248, 09 256.0 2,28 0. 00040 6 11} | Water not drawn,
1080 [ U 58,0 7 73 272.69 27.0 5,02 0, 00067 7 6% :
1064 verslOnucnaen L] 72,0 7 B% 267, 61 28.0 4,36 0. 00080 7 6% | Water not drawn.
1065 [, T, I 800 07 0} 261 28 340 11.22 0. 00130 6 10§ | Tank probably leaked some,
1074 voeddo . .| 60,0 7 63 266. 60 20,0 2.94 0. 00060 7 63 | ‘Water not @rawn.
1075 fevnedo .. Jehol 8 4y 227211 2.0 4.45|  0.00090 8 4
1076 veaudo ., .| 66.0 6 6% 230, 80 24.0 3,71 0. 00066 6 43
1076 JRN: . SO, wee| 8.0 7 63 268,48 14.0 2,79 0. 00060 7 6
............................. wemwase|veveansnuafreninans|ronnnannnn 0. 00085 {lensenr vuean

Note.—The quality of the oil does not appear to be affected by steaming, Except in two cases the gravity was not senaibly changed; in one case the gravity
was inoroased from 43 to 40°, in tho other decredsed from 40 to 42.5° Baumé. The variation between the apparent increase and decrease 1s dueto the fact that all oil
ot temporatures below 40° F. contains varying proportions of water when it comes from the wells, and will not settle until the temperature Is vaised, There is alao
nportion of the oil destroyed by the action of steam, forming so-called B. 8.

The problems in hydraulics presented in the construction and management of pipe-lines, particularly those
lines that may be denominated trunk lines out of the oil regions, are many and intricate, and required great courage
on the part of those who projected the first line to meet and surmount them,

- problems and experience met in laying pipes for water to guide them. These problems dealt with a homogeneous

These men had only the quite different
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fluid, flowing through pipes, laid permanently on curves of large diameter, lowing slowly under a low pressure
and delivered slowly. This water pressure seldom exceeded from 40 to 50 pounds per square inch. The pipe-line
problems dealt with a fluid varying in density with the temperature, flowing easily in summer and with difficulty
in winter through pipes of small diameter, laid hurriedly and frequently changed, often on sharp curves or at
right.angles, for rapid movement and delivery, and at high pressures to compensate in part for the friction due
to long distances and rapid transmission and small diameter of pipe, as well as at much greater elevations than are
found in water-mains. The pipes used in pipe-lines are all tested to 2,000 pounds persquare inch. The small sizes,
9-inch, 3-inch, and 4-inch, are worked under a pressure of 1,600 pounds, and the 5-inch and 6-inch at 1,000 pounds
per square inch.

~ Elaborate governmental and other experiments have been made in Europe with reference to the storage and
transportation of petroleum and its products. These have been mainly directed toward storing the oil under
water, either in barrels or submerged cisterns, or toward a method of solidifying the petrolenm or its produncts.
The most suceessful plan for storing oil in submerged cisterns appears to be that of Ckiandi, an engineer of Marseilles,
and consists of a cistern of masonry, provided with an inverted bell resembling a gasometer, beneath which the
oil is held over water. (¢) At Saint Ouen, near Paris, floating reservoirs of iron of an approximate capacity of 100
barrels have been nsed for a long time. Fourteen of these reservoirs were constructed in 1877, with a total capacity
of 900,000 gallons. They were made of - t0 -inch iron, and weighed in the aggregate 151 tons. (b)

The s0-called process for solidifying petroleum has been very widely noticed. It consists in producing with the
petroleum a little water and saponaria root, an emulsion which is considered harmless for transportation. To
recover the oil a little pure carbolic acid or strong acetic acid is added, and the constituents again separate. As
saponaria is a product of the Levant and a drug of considerable value, this and other similar methods are rendered
too expensive if their inconvenience was not an insurmountable obstacle to their employment. Such experiments
furnish curious but impracticable results. :

Concerning the proposed transportation of oil in bulk, the following from the 0il and Drug News presents the
latest aspect of the question:

The report from Philadelphia that the steamer Vaderland, of the Red Star line, had been purchaged by a number of capitalists
for the purpose of trangporting petroleum in bulk has attracted considerablo attentiou at the various commercial exchanges. The
transportation of oilin bullk is not entirely an experiment, A number of sailing vessels have already been fitted up for this purpose, and
have, to a certain extent, demonsteated the practicability of the idea. ‘This is the first time, however, that a steamer has been constructed
solely with the view of transporting safely large quantities of petrolenm in bulk. The advantages of the system are, first, that it enahles
a steamer to carry a mueh greater amonng of petrolenm than it conld if stored in barrels; and, second, it saves the expense of the harrels,
cach one of which costs exactly as much as the refined oil it contains. Not only this, but it also saves the expense of retnrning the
barrels from Europe for uso again,

Inquiry among petrolemn men and shipping merchangs in thig eity clicited the general opinion that the idea is not considered
practicable. Said one well-known oil inspector : ‘It is my opinion that the system will not worl. It has been tried three times om
gailing vessels during the past eight years, and each time the vessel was lost. The captain of one of them, who was saved from the
wreck of his vessel, said to me that tho ditficulty was that the oil seemed to move quicker than water, and in rough weather, when tho
vessel wns pitehed forward, the oil would rush down and force the vossel into the waves much the samo as improperly stored bullk grain
doos sometimes in stormy weather, It may be that by stowing the oil in small compartments it could be transported with safety, hub X
doubt it. Besides, what is the advantage of the system any way ¢ The vessel must return in ballast, and it might ‘as well bring back
barrels, whieh under the present system ore used over and over again, but under the proposed method would not be needed in the export
trade,”

Messrs. Slocovieh & Co,, the well-known shipping merchants, state that abont eight years ago one of their vessels was fitted up with
tanks for transporting oil in bulk., &he proceeded on her journey and wasnever heard from.  Her loss was undoubtedly due to her mode
of earrying petroleum. Another shipping merchant stated that ho belioved tho idea to Le impracticable, It might be possible to make
the tanks strong enough to prevent the eseape of the vapor of the oil, hut all previous experiments had proven failures, and there was
no reason to suppose that this would succeed. An experiment to transport molasses in bulk has been tried within two or three years,
and o vessels were fitfod wp for the purposs to run bebween Cuba and Boston, The experiment, however, proved a failure, and the
projeet had been abandoned. The Vaderland is an fron screw stepmship, built at Yarrow-on-Tyne, in England, in 1872, and was
extensively repaired last year. Her capaeity for cargo is 2,001 tons, She is owned in Antwerp.

The  ofl in hulk” movement does not meet with favor among practical experters. They say that it cannot be earried out snceeasfully.

It would seem, however, that oil might be transported in vessels in that way as well as grain, and the day will no doubt come when &
means to that end will be dovised.

SEOTION 5—STATISTIOS OF THE TRANSPORTATION OF OIL DURING THE CENSUS YEAR.

Statistics have been received from the following-named pipe-lines that were engaged in business during the
whole of the c¢ensus year:

United Pipe Lines.

Tide-Water Pipe Company, limited.

‘West Virginia Transportation Company.

Franklin Pipe Line. ,

Smith’s Ferry Transportation Company.

Octave Oil Company Pipe Line.

a Fngineering, xv, 279, b London Inst. Civ. Bngineers, 1, 200. Nouv, Ann. de la Construction (8), ii, 83.
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Tox Farm Pipe Line.

Sheffer and Charley Runs Pipe Line.

Tidioute and Titusville Pipe Line.

T. C. Joy. ‘

There were also four other pipe-line companies doing business at the beginning of the census year that went
out of business during that year, of which such statistics are incorporated with those of the other lines as can be
obiained from their printed statements, These lines are: '

Pennsylvania Transportation Company.

Church Ruu Pipe Line.

Cherry Tree Run Pipe Line.

Emlenton Pipe Line. .
Beside these lines, there were a number of small private lines, particularly in the lower country, of which no

reporty are published, and from which it was impossible to obtain statistics, exeept at an unwarranted expenditure
of time and labor, if, indeed, they could be obtained at all. These statistics, if obtained, would not materially
change the significance of the figures here presented.

The total amount of capital invested in the ten pipe-lines above mentioned was $6,347,930, and the total
amount paid in wages during the year was $769,641. The greatest number of hands employed by them during the
cengus year was 1,381 ; the average number 1,107, of whom 1,098 were males above sixteen years, 6 were fomales
above fifteen years, and 3 were children. ‘

The hours of labor constituting a day were in general ten, but some of the operations of pipe-lines require
constant oversight, and therefore in some instances the labor is performed by men who work in ¢tours” of twelve
hours each, extending from twelve o’clock at midday to twelve o'clock at night, and from twelve o’clock at night to
twelve o’clock at midday. :

The ten lines in operation at the end of the year were in operation throughout the year.

The average wages of skilled workmen varied from $1.75 to $3.33 per day and from $70 to $75 per month;
that of ordinary laborers from £1.25 to $2.50 per day. . .

A marked difference in the rate of wages is found to exist in different sections of the oil-producing country.
This difference is no doubt determined to some extent by the magnitnde of the operations of tie lines and the
responsibility attaching to the labor performed.

The total amount expended for fuel by these ten lines (not including the value of a vast quantity of natural gas,
of which no account was taken) was $127,058. The total amount received for transporting (piping) oil was $1 ,381,328.
The total number of boilers used was 216, having an estimated horse-power of 4,301; of pumps on main lines, with
a diameter of cylinder varying from 3 to 34} inches, and a length of stroke varying from 4 to 36 inches, 383; of
pumps used in collecting oil (for the most part small portable pumps), 511 ; of iron tanks, 646, with a total capacity
of 12,958,385 barrels; and of wooden tanks, 383, with a total capacity of 239,587 barrels.

The total miles of pipe controlled by pipe-lines was:

. . Miles.
12-inch pipe, saveral hundred feet. :
Bl O D P e ot et it e et it e mmaae e e n e mmnt ma e memn ammn. e cevnnseees 12166
B-In0h PIPB .evnen i et nas e R 7.76
2 3 4 L S 123.73
L o TS 289, 65
2¢-inoh pipe....... ceen teecatdeermsaaemeeanaiaanaens e E e e st ea e teeh aeme et e e mmnaaneonaaeas 16. 00
g L L U 1,716,923
T3 T S 2,78
T 4 9,05
EEL D L s L 2, 286-—;_85
. : ’ Barrels.
The stoclk of oil on hand in tanks and pipes June 1, 18Y9, WaB.ceur: oo i iaeeon e et e 6,753, 909, 02
In the other fOUr LiNes . .o e e e o e cen i e e e e e e e e e e e 28, 795. 33
Totaleem e emeanns e e e e 6,752, 704, 35
The amount run into these lines during the census year was.... ... R 22, 516:676. 27
Into the other four Jmes. ... oo oo e i i e e e e U " 370,110,986
i S e e e e 92, 886, 787, 23
The stock on hand in tanks and pipes May 31, 1880, Wag. ... ..meeee ... e e e e 11,239, 556, 73
In the 0Bher FOour TR . .o . ue ettt e e et eee et et e e e e e e e 18, 022. 31

11,257,578, 04

The amount transported through the pipes during the year Was...... .. e s e eemeeiee s 18, 41—1—;913. 54

There were 36 racks belonging to these lines, at which 561 tank-cars could be loaded at one time, and 287 tanks
on cars, having an aggregate capacity of 30,230 barrels. ,




THE NATURAL HISTORY OF PETROLEUM. 103

Ouaprer IX.—~PETROLEUM IN COMMERCE.

SeorioNn 1.—COMMERCIAL VARIETIES.

Few persons are aware that there is more than one variety of petroleum, and those who know that some
petroleums are relatively heavy and are used for lubrication suppose the light oils to be of one definite quality.
The petroleum of Oil creek in early days was known to be inferior for many purposes to the amber oil of the lower
Allegheny. During the first ten years of its development the oil produced in Pennsylvania was practically
one thing, and the light oils of West Virginia and southern Ohio were not particularly different. The wonderful
expansion of the lower Allegheny fleld, which commenced in 1872, was accompanied by a corresponding decline in
the Oil Creek district in such a manner that the bullk of the production was shifted from the green oil of Oil creek
to the amber oil of Armstrong and Butler counties. It was soon discovered that this amber oil was of superior
quality for refining purposes, so superior, in fact, that refiners would secure it if possible. When, in 1876, the
production of the Bradford district assumed importance, it was discovered that it was the least valnable variety
of petroleum for refining yet discovered in large quantities. The price of oil from these different sections has,
however, been uniformly the same, irrespective of quality, and has been the ruling price in commerce.

At the same time the heavy oil of Mecca has been sold at from ten to twenty times the price obtained for the
light oils of other districts. Those of Belden, Ohio, and West Virginia have been graded according to their density
and the effects of cold upon them. The Smith’s Terry oils have been sold for about three times the value of the
light oils, and the Franklin oil at flve to six times the value of the same.

The West Virginia Transportation Company divides the oil which it handles, which embraces the larger portion
of the productian of West Virginia and a part of that of Washington county, Ohio, into seven grades, as follows:

A, 87.10 Baumé and lighter. "

B, 33° to 37° Baumé, inclusive.

C, 31.6° to 32.9° Baumé, inclusive.

D, 30.6° to 31.5° Baumé, inclusive.

E, 29.6° to 30.5° Baumé, inclusive.

F, 28.6° to 29.5° Baumé, inclusive.

G‘r 28.5° and heavier.

Grades from C to G, inclusive, are also separated into * cold-test” and ¢ weak” oflg, zero being the standard

In order to esmbhsh these grades an inspector is appointed, who stands between the producers and the
transportation company or the purchasers. These oils are for the most part quite dense, and their value varies
greatly with the density ; the more dense they are the greater the amount of water which they will hold mechanically
and the more difficult it is to separate it. The inspector has an office near the central portion of Volcano, and
has there instruments for accurately estimating the specific gravity, the water or other sediment, and the
temperature at which it will thicken above zero, Fahrenheit, in accordance with the following directions:

In receiving and making delivery of oils shipped by the company, the water and sediment contained therein shall be determined by
nmixing an average sample with an equal quantity of benzine, and subject the mixture to 120° F., in a graduated glass vessel, for
not less than 6 hours; after which the mixture cools and settles, not less than tvwo hours for light grade, three hours for A grode, four
hours for B grade, six hours for C grads, eight hours for D grads, and sighteen houry for heavier grades.

The inspector certifies to the amount of water in the oil npon the back of the receipt issuned by the company.
This company has also incurred the expense of a very elaborate research upon the coefficient of dilation of oils of
different density for each degree of temperature from 0° to 130° F., with the unit at 600, The compilation was
made by Mr. Julius Behubert, of Parkersburg, West Virginia. ‘

The tables, through the kind permission of M. (. C. Church, esq., secretary of the company, are given on
pages 111-115. ~In relation to them Mr. Schubert writes:

In regard to the expansion table you mentioned in your letter, please lot me state that the experiments wero made according to a
method given by Gay-Lussac, and the formula used for the calenlations was also given by the same aunthor.

14+kt  P—p
‘1+a P
Where— -
P = weight of the flnid before Leating it.
» = woight of the fluid after heating and after the apparent expuuswu lhas been removed '

t = change of temperature,
% = coefficient of expansion of the glass=0.000026.
« = coefficient of expansion of the fuid.
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The glass used was a liter-bottle with a narrow neck. Instead of finding p,the apparent expausion P—p was directly ascertained by
weighing the amount of oil taken out of the bottle. A small pipette was uged for removing the oil, and in order to avoid cleaning the

pipetite so often the following expansion was added to the first one: (P—p) -4 (P~m) + (P—ps) 4- (P—ps), ste.
For every 10° of temperature the expausion of the oil was weighed. The heating was done in a large water-bath very slowly, and
‘the temperature of the water held for some time at the point of the test, so as to be sure that the fluid inside the bottle had reached the

same temperature as the water surrounding if.
In the calculation of the table, as sufficient for all practical purposes, I took the coefficient of expansion to be equal or the same
during 10° of temperature. As, for instance, in 30° Baumé oil the table shows:
0° temperature, 0. 980330 velume, when it should be 0. 980330 volume,
. 203 287

1¢ temperature, 0. 980623 volume, when it should he 0. 980617 volume,
203 289

2° temperature, 0, 980916 volume, when it should be 0, 980906 volume.
203 290

39 temperature, ‘0. 981209 volume, when it should be 0. 981196 volume.
293 291

4° temperature, 0, 981502 volume, when it should be 0. 981487 volume,
203 202

5© temperature, 0. 981795 volume, when it should be 0. 981779 volume.
293 204

6° temperature, 0, 982088 volume, when it shounld be 0. 982073 volume,
203 205

79 temperature, 0. 982381 volume, when it should be 0, 982368 volume.
293 ’ 296

80 temperature, 0. 982674 volume, when it should e 0. 982654 volume,
293 207 :

9° temperature, 0. 982067 volume, when it should be 0. 982961 volume.
293 299

10© temperature, 0. 983260 voluie, when it should be 0. 983260 volume,
306 300

11© temperature, 0. 983566 volume, when it should be 0. 983560 volume,
306 301

12° temperature, 0. 983872 volume, when it should be 0. 983861 volume.

I deemed it necessary to call your attention to this fact, )

From these experiments it appears that the expansions of the oils increase very perceptibly with the rise of the temperature and'
also with the decrease of specifie gravity ; that is, lighter oils expand more readily than heavier oils. The cold-test oils do not seem to-
differ in this respect from o0ils which do not stand the cold.

These tables have been found sufficiently accurate for all practical purposes, and are very valuable in handling;:
the great variety of oils produced in that region.

On pages 116 to 133, inclusive, will be found another set of tables, compiled by Dr. S. A. Lattlmore, of the
University of Rochester, NeW York, for the use of the Vacuum Oil Company of Rochester, and kindly furnished
by those gentlemen for publieation. These tables show first the quantity of oil in gallons corresponding to a given
weight of oil of different degrees of Baumé’s hydrometer, all computed for 60° of temperature. By the use of the
first set of tables the volume of a gallon of oil at any temperature bétween zero and 130° F. can be ascertained if’
the specific gravity is known at 60° F., while by {he use of the second set the number of gallons in a barrel or ear
of petroleum can be ascertained by weighing if the specific gravity is known at 60° F.,

The temperature at which natural petrolenms will congeal or become partially solid is an important item in
their value for purposes of lubrication, the oils of the Mecea and Franklin districts being particularly valuable in -
this respeet. Great diversity of quahty in this particular is observed. in the oils of West Virginia, wells in immediate
proximity furnishing oils as unlike as possible. The cause of this difference has never been properly investigated,
and is only a matter of conjecture; at the same time it is one of the most important questions connected with the
heavy-oil trade. Many of the wells of eastern Kentucky yield heavy oils of 1emar];able and uniformly excellent
quality in this respect. N
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SroTION 2.——THE MANAGEMENT OF PIPE.LINES,

The bulk of the petrolenm trade at the present time is conducted through the pipe-lines and their certificates.
The entire product of the Belden and the Mecea districts is handled in barrels in small lots. A considerable portion -
of the Franklin heavy oil and a small part of that of West Virginia is also handled in the same manner. A smaller
proportion of the medium and light oils of West Virginia and southern Ohio, as also of the Smith’s Ferry district, is
sold by the producers direct to the refiners in barrels, and an insignificant proportion of the product of the Oil creek
and upper and lower Allegheny districts finds a market in the same way. Such oil is usually rolled upon a frame
over a tank, and is emptied from the barrels into the tank. Hence it is called dump oil. Many thousands of-
barrels of this oil are gathered in the older and nearly exhausted portions of the oil-fields by middlemen, who
divide with the producers the cost of piping, paying them about 10 cents per barrel more than the market price.
These middlemen dispose of the oil in car-Ioad lots, and usually have a rack for loading one or more cars. A still
larger though insignificant portion of the light-oil product is brought out to the railroad by private pipe-lines and
is loaded into cars at private racks in small -lots of a few car-loads each, This line of business is usually carried
on along Oil creek and the Allegheny river between Titusville, Tidioute, and Brady’s bend.

The method of handling petroleum by the pipe-lines is substantially the same for all located within the region
producing light oils, with perhaps this exception: that while the smaller companies are incorporated and are legally-
“gcommon carriers”, their business is conducted more like that of private individuals, while that of the United Pipe
Lines and the Tide-Water Pipe Company is of a more general public nature and interest. The following description
of the method of business adopted by the United Pipe Lines will therefore apply to all of the incorporated pipe-line
companies : When oil is received from a well into the lines of the company, the amount is ascertained by a joint
. measurement made by the representative of the owner of the well and the pipe-line, and is passed to the eredit of

the former on the books of the company, less 3 per cent., to cover losses to points of delivery. Such oil is held in
the custody of the line, subject to the order of the owner, precisely like a deposit in bank, and is transferable on
a written order, Upon the signature by the owner of a proper order for the whole or any part of his credit balance,
whether such balance is obtained by transfer or production, such order will be marked “accepted” by an authorized
agent of the company, and thereafter is known in the trade as an “acceptance” or “certificate”, and, like a certified
check, is negotiable. As the oil exchanges only deal in certificates of the value of 1,000 barrels, they are, so far as
is possible, made of that amount; but those for less amounts are sold to the refiners for immediate nse, and do not
passinto the speculative trade. All persons holding credit balances are entitled, upon payment of proper charges,
to have their oil loaded into cars or barges or delivered into tanks, to be disconnected from the lines. All oil,
when received from the welly, at once loses its identity and becomes part of the common stock of the line; no
holder of a credit balance can therefore claim the identical nil that entered the line from his tank or well.

Producery’ credit balances are held free of storage for thirty days, after which time, unless the owner have
tankage upon the line, they are chargeable at the rate of 1} cents per barrel per month, equal to $12 50 per 1,000
barrels, until removed or transferred. All credit balances obtained by transfer, unless protected by tankage, are
subject to the same storage charge until removed, As 2ll the tankage is now practically owned by the lines, this
charge is now substantially uniform on all certificates, equal to $150 on 1,000 barrels for one year.

Parties owning iron tanks can have them connected with the line by signing contracts which entitle them to
carry oil either in credit balances or certificates, free of storage, to the capacity of their tank, subject to a shrinkage
charge of one-fourth per cent. per month, payable in oil. The capacity of such tank is subjeet to the owner, and
can only be temporarily used by the company. Upon demand by the owner of a credit balance for the delivery of
his oil, a pipeage charge of 20 cents per barrel must be paid. The term “shipper” is applied in the trade to
parties removing oil from the custody of the line. The Tide-Water Pipe Company insures the oil of its patrons;
but the United lines mutually insure, as has been before mentioned, and assess the loss upon the holders of
certificates.

Since the Tide-Water Pipe Company successfully laid their line from Rixford to Williamsport (now being carried

~ through to Chester, Pennsylvania) another trunk line has been laid to Jersey City. These lines have not made
public their eharges for conveying oil out of the oil region. The united lines gather oil into tanks and at convenient
points of shipment, but do not convey it out of the oil region. The income of these corporations is made up of
pipeage fees and storage fees, thie former being paid when the oil is removed from the line, and the latter at least once
in six months. The term *“old oil”, used in the exchanges, refers to certificates of pipe-lines on which storage charges
have not been paid up to date. ’l‘hns, if A holds a certificate of the United Pipe Lines on which storage charges
had been paid np to any given previous date, and B bought from him on exchange 1,000 Darrels of United oil,
storage paid, and A should offer him said certificate, B would say, “That is ‘old oil’, A; you will have to freshen
it.” So A would go to the pipe-line office and pay the storage on the certificate up to the date of the transaction,
and it would be termed “ fresh oil”. The line attaches a slip to the certificate showing the date to which storage

has been paid.
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Sxorron 3.—~BROKERAGHE.

The issuing of certificates by the pipe companies has made speculation in oil, brokerage, and oil exchanges
possible to an extent vastly beyond an actual trade in the oil itself. The broker buys or sells for others and charges
about 2 50 per thousand barrels for his services. On a market without much fluctuation he also agrees to deliver
to customers at a stipulated price a certain amount of oil either on demand or at a fixed ‘time, and receives
therefor an amount somewhat less than the storage feeg; but he does not purchase until the demand for it is made.
If oil falls mean time, he profits; if it rises, he loses; and if the price remains unchanged, he profits to the extent
of the money paid him in lieu of storage money that would be paid the pipe company if he purchased the oil. The
speculator in oil, therefore, who buys ‘futures” signs a contract with his broker and pays him his brokerage fees
a8 & buyer and some sum less than $150 per year per-thousand barrels of oil. The speculator, who buys certificates
if he does not own tankage, pays his broker's fees as a buyer, and also $150 per year per thousand barrels, together
with whatever sum may be requaired to purchase oil to pay the assessments for losses by fire or other accident, and
interest on the amount invested. If lve owns tankage, in lieu of the $150 per thousand barrels for storage he pays
$30 for evaporation and the interest on $260 (the cost of a thousand barrels of tankage), which should be estlmated
at not less than 20 per cent., together with the other expenses above mentioned,

The fluctuations in the price of petroleum during the census yeur rendered a speculative investment in the
article an object of exciting interest. June 1, 1879, was Sunday. The market opened on the 2d at 74{ cents per
barrel. It continued to fall, with little disposition to rally, until on the 17th it closed at 64%; and after fluctuating
between 65 and 68 for four days, it reached 75, and dropped to 693 on the 25th. Tt hovered about 70 until the 9th of
August, when it began to fall, reaching 64% on the 27th. A slight rally held it at about 66 until the 7th of
September, when an upward movement began, reaching 96} on October 9. It remained near 91 until the 10th of
November, when it again moved wpward, reaching $1 274 on the 21st, closing that day at $1 224.  On the following
day it ranged between $1 224 and $1 10§, closing at $1 18}, from which it rallied, reaching on the 2d of December
$1 28f. Between the 10th and 18th it ranged between $1 274 and $1 10, and fluctuated greatly between $1 18
and $1 09 from this time to January 15, 1880, when it went down in three days to $1 05, and steadily declined,
with scarce a rally, till, on March 9, it touched 85§. It hovered between 85 and 90 till April 6, when it again
commenced. to decline, reaching 711 on the 21st. On the 5th of May it closed at 72%, and by the 26th had again
reached the latitude of 933, closing on the 31st at 984. It will thus be seen that the certificates of oil in tank were
worth that year from 64§ cents to $1 284 per barrel, and this variation of almost 100 per cent. occurred hetween
August 27 and December 2, an interval of only sixty-eight days. If a man wants a quantity of oil for refining the
transaction becomes one of the simplest possible. He buys certificates to the amountrequired, and calls upon the
pipe company to deliver the oil whenever he chooses to provide tanks, cars, or barges to receive 1t, and after the
pipeage of 20 cents per barrel is paid the company delivers the oil,

The price of Franklin first-sand oil averaged during the census year $3 82 per barrel of 42 gallons; that
of second-sand crude for the same time varied very slightly from that of third-sand oil. The price of Mecca oil
ranged from $7 to $9 per barrel; Smith’s Ferry amber oil averaged $1 50 per barrel. The price of West Virginia
oils varied from $1 per barrel for light to $9 per barrel for the heaviest oils produced.

The business of the West Virginia Transportation Company, though far smaller in bulk, is much more intricate
in detail than that of the large companies controlling the vasbt interests of the Peunnsylvania oil regions. As
already mentioned, their oil is so variable in character that its gnality has to be determined by an inspector. The
following is a copy of the certificate used by this company, and the rules of the company printed upon the back of it:

Dept. C, No. 2094, THE WEST VIRGINIA TRANSPORTATION COMPANY,
. Parkersburg, W. Va., August 8, 1881,

Received from Excelsior well, West Va. O. & 0. L, Co., tract for account of royalty, under and subject to the charges, terms, and
eonditions on the back of this receipt, asa part thereof, No, —— barrels (of 40 gallons cach) of 32° crude oil, for transportation through
pipe-line in bulk with C grade (31 to 32 gravity) to our tanks at Volcano, West Virginia, and for delivery by oil of like grade, or
gravity, in lots of 500 barrels or over at Parkersburg, West Virginia, (unavoidable delays excepted), to the order of Geo. Washington,
ot the rate of 35 cents per barrel, including therein all charges for inspecting, grading, and measuring said oil, and certifying in the
receipt therefor the amount, grade, and gravity, and lability under and by reason of said certificate.

‘ THE WEST VIRGINIA TRANSPORTATION CO.,

By M. C. C. CHURCH, Secrstary.
Aftest : CHAS, A, BUKEY.

(Stamped aoross the face :) Canceled Aungust 1, 1881.
{On the margin:) Not ne};otiable unless signed by the secretary of the company,

l‘om\x No. &.

The terms and conditions upon which the within mentioned 011 is held by the West Virginia Transportation Company are as
follows :

In receiving the within oil, the water and sediment contained therein, as per the following inspector’s certificate, have been first
dedueted, and the following percentages of oil have been reserved to cover losses for evaporation and waste in receiving, transporting,

#

g
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and delivering the'same; the within receipt, therefore, covers the net amount only. On light and A grades two and one-half per cent.;
on B and C grades two per cent.; and on heavier oils one and one-half per cent, (See below for variation in case of local and special
shipments. )
I certify that I have inspected the within oil, and that it contained 4 per cent. of water and sediment at the time of shipment.
" Henry CAsKIN, Inspecior.

The company shall not be responsible or liable for loss by fire or unavoidable accidents; but any such loss shall be assessed, pro
rata, upon the total amount of outstanding certificates of oil, of like grade of the within, held by the company at the time such loss
may occur.

The company shall have a lien upon all the within mentioned oil for all charges mentioned in this receipt. These charges shall be
-made upon the net gquantity of oil received by the West Virginia Transportation Company (said quantity being mentioned in the face
of this receipt), and the computation thereof to be made from the date of this receipt.

The following percentages of the net.amount of oil received shall be deducted to cover losses by evaporation when held in tankage,
to wit: On light and A grades, one per cent, per month or part of a month; on B and O grades, three-fourths of one per cent. per month
“or part of a month; on hesvier oils, one-half of one per cent. per month or part of a month,

Monthly statoments of the company’s oil account will be made; and any gains arising from the above reservations, on account of
waste and evaporation, will be returned, pro rata, in certificate oil, to shippers, to July I of each and every year during the continuance
of this arrangement,

Freight and other charges are due and payable on receipt of the oil in the company's ta.nka,ge at Volcano and Cochran’s, West
Virginia, and at Petrolia, Ohio. If said chargesarenot sottled within fifteen days from the date of this receipt, storage will be charged at
the rate of 2 cents per barrel per month or part of o month from said date. If the oil is not removed within three months from the date
aforesaid, the company shall have right to remove and store the.sameo at the expense of the consignee, and the right to sell said oil,
.or such part thereof as may bo necessary, at public anction to the highest bidder, to pay the advances made and charges due to it, fogether
with the costs of sale, Such sale to be made upon the premises of the company upon at least ten days’' notice by advertising in newspapers
published at Parkersburg, West Virginia, and Marietta, Ohio.

In receiving and making delivery of oils shipped by the company, the water and sediment contained thersin shall be determined by
mixing an average sample with an equal quantity of benzine, and subjech the mixturve to 120° I\, in a graduated glass vessel, for
mot less than 6 hours, after which the mixture cools and settles not less than two hours for light grade, 3 hours for A grade, 4 hours for
B grade, 6 hours for C grade, 8 hours for D grade, and 18 hours for heavier grades.

No allowance made on acecount of condition in making delivery of the within oil,

_ Noto.—The foregoing applies to regular shipments, to wit: Shipments net by pipe-line to Parkersburg, West Virginia, or to
Petroleum, West Virginia, ox to Petrolia, Ohio, or to Cochran’s, West Virginia.

SPICIAL sHIPMENTS.—The company will take special shipments of oil, in lots of 500 barrels or over, under the conditions expressed
herein, except as modified as follows: First. Tankage shall be furnished at the point of destination and possession refained by the
compauy until the final delivery of the shipment, Second. The company delivers all the oil, water, and sediment received by it and
guarantecs that the loss of actual oil shall not excced the above reservations. Third, Special shipment certificates will be issued and
charges will be made upon the gross amount of oil, water, and sediment received for transportation,

Note.—Special shipments are shipments by pipe-line, in gross, to Parkersburg, West Virginia, or to Petroleum, West Virginia.

LoCAL SHIPMENTS.—The company will take loeal.shipments of oil, in lots of noti less that 50 barrels, charging thersfor at the rate
of 10 conts per barrel, Local shipments to be under the same conditions in othor respects as expressed above for special shipments.

Note.—Local shipments are shipments made in gross, and are confined to points im the Volcano oil district. When regular
shipments are stopped in fransity they Decome local shipments, and charges will e made on the gross amount received at the well,
and not on the net amount, as per face of regular shipment certificates. In all such cases said certificates must be surrendered and
cancelod and local shipment certificates issued for the gross amount at the well, as aforesaid; tha delivery as to amount to be made,
however, according to the terms of the regular shipment certificates surrendered.

The acceptance and retention of this receipt shall be regarded as an agreement on tho part of the owner of said oil fo all 1‘55 terms
and conditions, which shall be equally binding on all subsequent holders hereof.

Deliver to the order of

The charges for pipeage from the wells in Voleano district to I’a,rkersburg, ‘West Virginia, are 35 cents per
barrel of 40 gallons each; to the Baltimore and Ohio railroad, 30 cents; to Cochran’s Landing, Ohio river, 30 cents;
and local shipments to points within the oil districts, 10 cents. From Cow run, Ohio, to Petrolia, on the Ohio
river, the rate is 30 cents. If oil remains in their tankage over 15 days, the charge for storage is 2 cents per barrel
per month or part of a month from date, unless the freight charges are paid when storage is remitted. So far as
the principal and general use of the certificates of this company is concerned, they become what they indicate—
mere mediums between the consignor and consumer or refiner. Sometimes, however, they are used by the producers
as collateral security for their notes in the local banks. In some instances also they have been purchased by
investors as a speculation and held for a rising market, but such cases are exceptional. -

SEOTION 4.—PETROLEUM AS AN ARTICLE OF FOREIGN COMMERCE.

The foreign trade in petrolenm centers in New York, Philadelphia, and Baltimore, with a very large proportion
of the whole in New York. The exports consist of crude petroleum, the different varieties of illuminating oil,
naphtha, and residunm, This trade is largely controlled by the New York produce exchange. The following rules,
which indicate the general methods upon which the business is conducted, are taken from their report for 1879:

CRUDE PETROLEUML,

RuLk 4. Orude petrolonm shall be understood to be pure, natural oil, neither steamed nor treated, free from water, sediment, or any
adulteration, of the gravity of 43° to 48° Baumé.
RULE 5. 'When crude petroleum is sold in bulk, the quantity shatl be ascertained by tank measurement ot the time of delivery.
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RULE 6. Crude petrolenm in barrels shall be sold by weight at the rate of 6% pounds net to the gallon.

RULe 7. In the absence of any stipulation, crude petrolenm, when sold in barrels, shall be understood to mean, so far as regards
packages, such packages as were originally refined petroleum barrels, whose last contents was crude petroleum, refined petrolenm, or
naphtha,

RuLw 8. When contraets for erude petroleum call for second-hand refined petrolenm barrels (i. e., barrels whose last contents have
been refined petroleum or naphtha) the sellers shall have the privilege of substituting new barrels, but they shall be glued.

Rurw 9. The weighing and verification of erude petroleam shall be governed by the rules applicable thereto nnder the head of
refined petroleum.

REFINED PETROLEUM.

RuULE 10. Refined petroleum shall be standard white, or better, with a burning test of 110° F. or upward, and of a specific gravity
1ot below 45° Baumé,

RuLm 11, The burning test of refined petroleum shall be determined by the use of the Saybolt electric instrument, and shall be
operated in arriving at a result as follows: In 110° and upward the flashing points, after the first flash (which will gencmlly oceur
between 90° and 957), shall be taken at 95°, 100°, 1040, 108°, 1109, 112, and 115°; in 120° and upward, after first flash, at 1009, 105°, 1109,
115°, 1189, 120°, 122°, and 125°; in 130° and upward, every 5° until burning point is reached.

Rurnr 12, When refined petroleum is sold in bullk, the quantity shall be ascertained by measurement on the decks of the tank-hoats.

Ruwir 13. Refined petroleum shall be delivered in blue, well-painted barrels, with white heads. Barrels shall be well glued and
filled within 1 or 2 inches of the bung

RuLz 14. Refined petroleum in barrels shall be sold by weight at the mte of 6} pounds net to the gallon,

Rurn 15. The tares of refined petroleum in barrels shall be weighed by half pounds and gross weight by pounds.

Rurm 16. The gross weight of packages for refined petroleun: shall be not less than 360 potnds nor more than 415 pounds, and the
actual gross weight shall be plainly marked thereon.

RuLk 17. Barrels shail be made of well-seasoned white-oak timber, and shall be hooped not lighter than as follows: Either with
six ivon hoops, the head hoop 1% inches wide, No, 16 gauge, English standard, the quaiter hoop 1} inches wide, No. 17 gaugo, and the
bilge-hoop 14 inches wide, No. 16 gange; or with eight iron hoops, the head-hoop 14 inches wide, No. 17 gauge, the collar-hoop 1% inches
wide, No. 17 gauge, the quarter-hoop 14 inches wide, No. 18 gauge, and the bilge-hoop 14 inches wide, No. 18 gauge. But all old barrels
of ‘which the gross weight is less than 395 ponnds may be hooped with six iron hoops 13 inches wide, excepting the chine hoop, which
shall be 1% inches wide. '

RuLe 18. Buyers may test, at their own expense, the correctness of the gross weight or gauge of the whole or part of any lob
delivered, and the average shortage found on a portion of not less than 10 per cent. shall be taken as the average amount to be deducted
from the lob

Rure 19. The tare shall be plainly marked upon each harrel before it is filled, Buyers may test the accuracy of the tare so marked
to the extent of 5 per cent. of the lot, and the average difference between the tare thus ascertained and the marked tare on the barrels
tested shall be accepted as the average difference on the entire lot. Any excess of tare so discovered shall be allowed buyer,

NAPHTHA.

Rure 20, Naphtha shall be water-white and sweet, and of gravity of from 68° to 73° Baumé,

Rure 21. When naphtha is sold in bulk, the quantity shall be ascertained by measurement on the decks of the tank-hoats.

Rurw 22, Naphtha in barrels shall be sold by weight at the rate of 5% pounds net to the gallon, '

Rurk 23. Barrels containing naphtha shall be painted blue, with white heads, and he well glued.

Rure 24. Naphtha shall be weighed, and may be tested by the huyer, as provided in the foregoing rules mlutmg to refined
petroleum, ;

RESIDUUM,

Rurs 25. Residnum shall be understood to boe the refuse from the distillation of crude petroleum, free from ceke and water and
from any foreign impurities, and of gravity from 16° to 21¢ Raumé,

Ruie 26. Residuum, when sold in barrels, shall be sold by weight, at the rate of 74 pounds net per gallon.

RurLe 7. Residuum shall be weighed, and may be tested by tlie buyer, as provided in the foregoing rules relating to rofined
peotroleum.

EMPTY BARRELS.

Rurn 28. Unless otherwise stipulated, empty harrels shall be understood to have last contained either refined petroleum or naphtha.

Rusr 29. Barrels shall be classified according to the use for which they are fitted, as follows:

First class shall include all barrels which, if properly coopered, would be fit to carry refined petrolenm or nrbphtha,

Second class shall include barrels which are unfit for refined petrolenm or naphtha, but which would, if properly coopered, be fit
for crude petroleum.

Third class shall include such barrels as are unfit for either erude, refined petrolenm, or naphtha, but which can bo used for
rosidunm, if properly coopered.

Rurk 30. When barrels which would otherwise be firgt class have heen injured by sand, mold, or water, they shall be placed in the
secondl class.

Rure 32, When bmrels have been filled with crude petrolenm, and steamed oub after shlpment to Europe and used for refined oil,
puch packages shall he placed in the second claes, :

RuLw 33, All empty barrels must have six hoops, and be delivered in form, shooks or staves not being a good delivery.
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CONTRACTS AND DELIVERIES.

RULE 35. All deliveries and contracts for delivery of petrolenm and its products under these 1u1es shall be of the production of the
United States, unless otherwise specified.

Rure 36. All settlements of contracts for refined petrolenm and naphtha shall be on the following basis: In barrels, on 50 gallons;
in bulk, on 45 gallons. All settlements of contracts for crude petroleum shall be on the following basis: In barrels, on 48 gallons; in
bulk, on 42 gallons. ‘

Rure 37, All cooperage shall be in prime shipping order. Tar and pitch barrels shall be excluded, except for residuum,

RuLk 38, When the capacity of the vessel exceeds or falls short of the amount specified in the contract, including the margin, then
the specified amount shall be delivered. In determining the capacity of the vessel, barrels of 50 net gallons capacity in case of refined
- petroleum and naphtha, barrels of 48 uet gallons capacity in case of erude petrolenm, and barrels of 45 net gallons capacity in case of
residuum shall be the basis for settlement.

The inspection of petroleum and its products for export is an 1mportaut busmess in New York city, Philadelphia,
and Baltimore. Mr. A. Bourgougnon has read before the American Chemical Society several papers relating to
this inspection. He refers to the fact that the petrolenm of the New York market is a mixture of oils from a great
many wells, and remarks that the specific gravity of the New York crude oil ranges from 0.790 to 0.800=48° to
46° B. at 15° C.

The coefficient of expansion of the crude oil varies from 0,00082 to 0.00086, according to the gravity of the oil,
For the products of distillation the following can be generally adopted:

Under 0.700 gravity at 15 C ............ e e e e et e e e e e 0, DO0YD
0.700 t0 0.750 gravity at 380 C.uene comn i e i i it it e iiemamtas e eaaanaaane 0. 00085
0.750 to 0.800 gravity at 18% Cun et o ia e i e e e Mt e aiiaaaaan 0, 00080
0.800 gravitiy 8t 100 O un v ir it iie it e i e mameseeee it aae e vamn e aa e aaaan 0. 00070

The knowledge of these coefficients is important, ag it aids in caleulating the empty space which must be

allowed in the vessels containing the oil. This space will be~—

V. K. 50,
v replesentmg the volume of the oil, KX the coefficient of expansion, and 50 the number of degrees of temperature
through which the oil may change.

Generally the inspectors examine the density, the odor, and how the oil feels with the fingers, and make a
fractional distillation in tenth parts, giving a report stating that the oil does not contain more than 17 per cent. of
naphtha. He states further that the separation of the distillate into bundredths instead of tenths is much to be
preferred, as the proportion of naphtha can‘then be determined with exactness; “and this determination is very
important to the buyer, since the crude oil is taxed in foreign countries aceording to the quantity of naphtha
contained in it.”

The crude oil of the New York market will generally furnish from 12 to 15 per cent. of naphtha at 0.700
specific gravity, 9 to 12 per ecent. of benzine at 0.730 specifie gravity, and about 60 per eent. of burning oil at 0.795
specific gravity. 'The residuum contains 2% per cent of dry paraffine, caleulated for the quantity of oil submitted
~ to distillation. (a)

In another communication he thus deseribes an 1ngen10m=ly contrived instrument for determining the amount
of naphtha of 0.700 gravity in erude petroleum :

I employ an instrument made on the smne principle and of the same shape as an hydrometer, which I call a naphthometer, To make
the graduation of this instrument I proceed as follows: The specific gravity of commercial naphtha being 0.700 at 15° C., it is first
necessary to have such naphtha. This naphtha being at o tempersture of 15° C,, the naphthometer is immersed in it, und on the stem at
the point of intersection of the liquid the number 15is written. The same naphtha is brought to a temperature of 20° C., and on the stem,
a8 above, the number 20 is written ; the temperature of the naphtha is again increased to 25° C., and tha number 25 is written on the
stem at the point of intersection, and so on, in order that the temperature indicated by the thermometer (when immersed in naphtha of
0.700 at 16° C,) will be always in accordance with the figures markoed on the stem, Tor example, if I have a sample of naphtha of which
the density is 0.700 at 159 C,, but supposing that the actual temperature be 20¢ C., the naphthometer will indicate 20 both Dby the

~ thermometer and on fhe stem at the point of intersection with the liguid. Now, to determine the percentage of naplhtha in crude
petrolenm, I distill, say 300 c.c., and collect the distillate in o glass cylinder divided into e. ¢., in which glass the naphthometer has heen
proviously placed. The tempemtnre of the distfillate, and if, e. g., the temperature be 25° (., t]m distillation is continued until the point
marked 25 on the stem intersects with the liquid. At this moment the naphtha has a specu’ic gravity of 0.700 at 15° C., as I have
verified by several experiments, Removing the naphthometer from the jar, cooling to 15° C., and reading the number of ¢. c. obtained, and
dividing by 3, I obtain ﬁnally the percentage of naphtha at 0.700 density and at the temperature of 15° C. contained in the crude oil. (¥)

The increase in the bulk of petrolenm and of all its products, due to an increase of temperature, occasions a
great deal of trouble in measuring these articles in bulk. In barrels and small packages the difficulty is obviated
by weighing. Preisser, of Rouen, in 1840, investigated a case in which a certain amount of oil (seed and fish) was
stored in winter and measured in summer, when an excess was discovered, and the parties storing were charged
with fraud. He found that the oil increased in volume at a certain ratio for each degree of temperature.(¢) M,
Henri St. Claire Deville first stated that American petrolenm increases in bulk 0.01 for every 10° C. Later it has
been discovered that the ratio of expansion varies with the specific gravity of the oil and also with the temperature.
The table on pages 111 to 115, inclusive, has been computed for the specific gravity of crude oil up to 45° B.

a 7. Am, Chem,, vii, 81, b 1bid., p. 123. ¢ Jour, T, Inst., xxix, 130
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This does not embrace illuminating oils or naphthas, but is approximately correct for the dense oils belo
Mr. Gustavus Pile offers the following suggestion of a method of universal application to ernde petroleum a
petroleum products: (a)

I was asked a short time ago by a gentleman in the coal-0il trade to furnish him with some sort of apparatus with which h
readily estimate the number of gallons of oil there would be in a tank gauged at any temperature if the temperature were reduced
B, The rate of expansion of most of the petroleum prodnects being considerable, the difference in measurement at various tempe:
often becomes too great to be unnoticed, In the case of benzine of 689 B., the expansion from 30° to 90° F. amounted to 50 part
1,000, Thesolution of this problem appears to be best made by observing the specific gravity as it would stand at different tempers
and calculating from the variation in the gravity the amount of expansion in bulk. If weo have gauged a tank holding oil a1
it to hold, at 90° temperature, 12,000 gallons, and desire to know how much that would measure if reduced to 60° temperature, w
first note the gravity at the two temperatures, 60° and 90°, and the caleulation will then be as follows: Say the gravity at 90° =
and at 60° = 0.8025, The gravity at 90° is to be divided by the gravity at 60°, thus 3§, which will give the measure at 60° of one ¢
and by multiplying this by 12,000, 1588 - 12,000=11,812 gallons, we have the measure at 60° of the whole amount. The difference
gallons between the measure at 60° and that at 90° expresses the expansion caunsed by that inerease of temperatnre.

In order to obtain correct results by this method, it would be necessary to use hydrometers made with a specific gravity sca
with the degrees sufficiently for apart to be able to read to single degrees, or also to use a specific gravity bottle, which, of cours
always give the best resnlt.

I am not acquainted with any method that may be in use among dealers, but the plan here suggested will give accurate conel
and where it is found necessary to be particular can be used with confidence.

a Oil and Drug News,
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TABLE OF EXPANSION OF THE WEST VIRGINIA NATURAL OILS,
{GRA VITIES 28° TO 45°, FROM ZERO T0 130° F., WITH THE UNIT AT 60° TEMPERATURE.]
Caleulated by Jur, ScnunERrt, Engineer.

The expansion of the West Virginian natural oils is, ag the following table shows, by no means very small, and has in a Jarge number
of cases worked to the disndvantage of Loth prodncers and dealers. It therefore became desirable to hiave the expansion of the oils
established, and carvefully conducted exporiments, according to the rule laid dewn by Professor Gay-Lussac for testing the expansion of
liguids, and calenlatious made corresponding to the formula of the same author, have furnished the following table.

The coefficient of expansion of the glass entering into the calculation has been adopted as being 0.000026.

The expansion of the oils increases with the temperature and varies with the gravity. The higher oils expand faster than the heavier
oils within the same change of temperature. It becume necessary, therefore, to establish the scale of expansion for each gravity from
28° to 45°, ’ :

As the gravity is menasured at 60° temperature, the unit for the volume of the oil has also been taken at 60° I,

The quantity of oil at 60° temperature shonld be the guide in all business transactions with the West Virginian natural oils,

RULNS FOR USH OF THE TABLLE~—In order to find the quantity of oil at 60° temperature: Divide the quantity of the ol by the figure
found in the table corresponding both to gravity and temperature of the oil,

Tor instance ; 78,63 barrels of 359 oil, measured at o temperature of 26°, would be:

7563 __ 76,59 barrels of 35° oil at 60°.
0057304 ‘
Or, 81.34 harrels of 33° oil, measured at a temperature of 88°, would be:

81.34

1017660 — 80,41 harrels of 33° oil at 60° temperature,
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TABLE OF EXPANSION OF THE WEST VIRGINIA NATURAL OILS.

DEGREES OF GRAVITY,
Degrees
of tem- v
per(:}yt)xre- 280, 9go. 30°. 810, 820. 330, 840, 85°. 3¢o.
Zero. 0. 980810 0. 580570 ‘0. 980330 0. 980060 0. 979770 0. 970470 0. 979170 0. 978870 0. 978570
1 0. 981005 0. 980859 0. 980623 0. 880357 0. 980071 0. 979776 0. 979481 0. 979186 0. 978801
2 6. 981380 0. 081148 0. 980016 0, 980654 0. 980372 0, 080082 0. 979792 0. 979502 0. 079212
8 0. 9BLOBS 0. 981487 - 0. 981200 0. 980051 0. 080673 0.980388 0. 980103 0. 970818 0. 979533
4 0. 981960 0. 981726 ' 0. 981602 0. 081248 0. 980074 0. 980604 0. 980414 0. 980134 ) 0. 979854
& 0. 982235 0. 9820156 0. 981785 0. 981545 0. 9812756 0. 981000 0. 980726 0. DB0450 0. 980175
8 0. 582620 0. 982304 0. 982088 0. 981842 0, 981576 0. 981306 0. 981086 . 0.980760 0. 980406
7 0. 982805 0. 982503 0. 982381 0. 982139 0, 081877 0. 981612 0. 981347 0. 981082 0. 980817
8 0. 983000 0. 982882 0. 082674 0. 982436 0.982178 0.981918 0. 981658 0. 981898 0. 981138
9 0. 983375 0. 983171 0. 982967 0. 982738 0. 982479 0. 982224 0. 081069 0. 981714 0. 981459
10 0. 983680 0. 983460 0. 983260 0. 983030 0. 982780 0. 982530 0. 982280 0. 682080 0. 981780
11 0. 983958 0. 983762 0. 983568 0. 983340 0. 983096 0. 582850 0. 582605 0. 082360 0. 982115
12 . 0.984250 0. 984004 0. 983872 " 0.983650 0. 983410 0. 983170 . 0.982030 0. 982600 0. 982450
13 0, 084554 0. 984366 0. 084178 0. 983960 0. 983725 0. 583409 0. 988265 0. 983020 0. 982785
14 0. 984862 0. 984888 0. 984484 0. 984270 0. 984040 0. 983810 0. 983580 0. 983350 0, 983120
16 0. 985150 0. 984070 0. 084750 0. 984580 0. 984355 0 984130 0. 583905 0. 983680 0. 983455
16 0. 985448 0. 985272 0. 085096 0. 984880 0. 984670 0. 984450 0, 984230 0. 954010 0. 083708
17 0. 085746 0. 985674 0. 985402 0. 985200 0. 084985 0. 984770 0. 984555 0, 984340 0. 084126
18 0. 086044 0, 985876 0. 985708 0. 985610 0, 985300 0. 985090 0. 984880 0. 984870 0. 984460
19 0. 086342 0. 986178 0. 986014 0. 085820 0. 985615 0. 085410 0. 985205 0. 985000 0. 084795
20 0. 986640 0. DBG480 0. 986320 0. 986130 0. 985980 0. 985780 0. 985530 0, 985330 0. 985180
21 0, 986952 0. 186700 0. 086640 0. 980454 0. 986250 0. 086064 0, 985860 0. 985674 0. 985479
22 0. 987264 0. 987112 0. 986060 0. 988778 0. 986588 0. 986398 0. 986208 0. 988018 0. 985828
23 0, 987576 0. 987428 0. 987280 0. 987102 0. 986017 0. 988732 0. 9806547 0. 936362 0. 080177
24 0. 987888 0. 987744 0. 987600 0. 987428 0, 087246 0. 987066 0. 980886 | 0. 986706 0. 986526
25 0. 988200 0. 988060 0. 987620 * 0. 987750 0. D8T575 0. 987400 0. 087226 0. 987050 0. 986875
26 0. 988512 0. 088876 0. 588240 0. 988074 0. 987904 0. 087734 0. 987564 0. D87304 0. 987224
27 0. 988824 0. 988602 0. 988560 0. 988398 0.088233 0. D88068 0. 937908 0. 987738 0. 987578
28 0. 980130 0. 989008 0. 988880 0, 088722 0. 688562 0. 988402 0. 088242 0. 988082 0. DB7022
28 0. 980448 0. 989324 0. 989200 - 0. 080040 0. 988801 0. 988736 0. 088381 0, 088426 9. 988971
30 0. 089760 0. 989640 0, 580520 0. 980870 0. 989220 0. 989070 0. 988920 0. 988770 0. 988620
81 0. 990086 0, 089970 0. 980854 0. 989700 0. 989564 0, 980419 0. 989274 0. 989120 0. 988084
82 0. 990412 0. 990300 0. 990188 0. 990048 0. 989908 0. 989768 0. 980628 0. 980488 0, 980348
33 0, 900788 0. 990630 0, 900522 0. 980387 0, 890252 0. 990117 0. 080082' 0. 980847 0. 089712
84 0. 991064 0. 990860 0. 9980866 . 990726 0. 990586 6. 090466 0. 990336 0. 9902006 0. 900076
35 0, $91880 0. 991200 0. 991190 0.901085 ¢ 0.990040 0. 990815 0. 990690 0. 990665 0. 090440
36 0. 991716 0. 991630 0. 991524 0. 901404 0.991284 0.901164 0. 091044 0. 990024 0. 990804
a7 0. 992042 0.991050 0. 991868 0. 991743 0. 091028 0. 901618 0. 891398 0. 091283 0. 901168
a8 0. 092368 0. 992280 0882182 0. 992082 0, 991972 0. 991862 0. 901752 0. 901642 0. 091582
80 0, 092094 0. 992610 0. 092520 0. 592421 0. 992816 0.902211 | -~ 0,992108 0. 902001 0. 991806
40 0. 903020 8. 992040 0. 892860 0. 592766 0. 092660 0, 802560 0. 992460 0, 902360 0, 092260
4 0. 903361 0. 993286 0, 998200 0.993114 0.993019 0.902024 | 0.962820 0. 902734 0. 992030
42 0, 993702 0. 993630 0, 993558 0. 993468 0,993378 0. 993288 0. 9931908 0. 093108 0. 993018
43 0. 994043 0. 993075 0, 903807 0. 093822 0. 093787 0. 893652 0. 993667 0. 903482 0. 998307
44 0. 04384 6, 994320 0.9942566 0. 994176 0, 984006 0. 994016 ' 0. 998936 0, 993856 0. 993776
45 0. 984725 0. 994665 0. 994606 0. 994680 0. 894455 0. 994380 0. 994805 0. 904280 0. 904155
460 0. 995086 0. 995010 0. 894054 0. 994884 0. 994815 . 0.994744 0. 804674 0. 994604 0. 994534
47 0, 995407 0. 99535656 0. 895308 0. 995238 0. 995178 0. 995108 0. 995073 0.994078 0. 004918
48 0. 995748 0, 995700 0. 995052 0. 995602 ' 0. 895532 0. 905472 0. 995412 0. 95362 0, 895202
49 0, 526089 0. 906045 0. 990001 0. 095048 0, 995801 0, 995838 0. 995781 0. 995728 0. 995671
50 0. 996430 * 0.9896300 0. 696850 0. 996800 0, 996250 0. 998200 0. 996150 0. 996100 0. 996050
51 0.986787 0. 996751 0. 996716° | 0. 5968870 0. 996625 0. 996580 0, 996535 0. 996490 0, 906446
52 0.997144 0. 997112 0. 897080 0. 897040 0, 887000 0. 906060 0. 956020 0. 006880 " 0.908840
63 0, 997501 0. 997473 0. 997445 0. 907410 0. 997375 0.907340 0. 997305 0. 907270 0.997285
54 0. 097858 0. 997834 0, 997810 0. 997780 0. 997750 0. 997720 " 0.097690 0. 997660 0. 997630
B5 0. 098215 0. 998185 0. 908175 0. 998150 0. 898125 0, 998100 0. 508076 0. 998050 0. 898025
66 0. 998572 0. 998566 | 0. 098540 0. 998520 0. 098500 0. 998480 0. 998460 0. 998440 0. 008420
57 0. 998920 0. 908017 0. 998805 0. 998800 0. 598876 0. 098860 0. 998845 0. 998330 0, 908815
58 0. 999286 0. 999278 0. 999270 0. 999260 * 0.99250 0. 999240 0. 999230 0. 999220 0. 999210
59 0.990643 0. 999639 0. 990635 0990630 0. 999625 0. 999620 0. 990615 0, 900610 0. 929605
60 1. 000000 1. 000000 1, 000080 | 1. 000000 1. 000000 1. 000000 1, 000000 1. 000000 1, 000000
61 L. 000374 1, 000378 1. 000882 1. 000387 1, 000392 1. 000897 1. 000402 1. 000407 T 1000412
62 1. 000748 1. 000756 1, 000764 1. 000774 1000784 - - 1000784 1. 000804 1. 000814 1. 000824
83 L 001122 1. 001134 1. 001148 1. 001161 1, 001176 1.001101 1. 001208 - 1. 001221 - 1. 001238
64 1. 001496 1, 001512 ' 1. 001528 1, 001548 1. 001668 1, 001688 1. 001608 1.001628 1001648
. 1. 001870 1.001880 1. 001610 1. 001935 1, 001860 1, 001986 1. 002010 1. 002085 1. 002060
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DEGRELS OF GRAVITY.

Degrees
of fom.-
370, 380, 390, 400. 4o, 420, 480, 40 450, P%‘}ﬁm'

0.078210 0. 677850 0. 977400 0, 877130 0,976770 0. 076390 0. 976020 0. 75660 0075240 | Zero,
0. 078537 0. 978183 0. 077820 0, 977475 0. 877121 0, 876747 0. 76288 0. 976029 0. 876610 1
0. 078864 0, 078516 0. 978168 0. 077820 0. 977472 0. 977104 0. 076746 0. 576308 0. 976002 2
0, 970191 0.078840 0., 078507 0. 078165 0.977823 0. 977461 0. 977109 0. 076767 0, 976368 3
0, 979518 0. 079182 0, 078846 0. 978510 0. 978174 0, 077818 0, 077472 0. 977136 0, 876744 4
0. 970845 0. 979516 0. 979185 0. 978855 0. 978526 0. 978176 0, 977835 0. 877606 0. 977120 5
0. 080172 0. 979848 0. 079524 0.970200 0. 978876 0. 978532 0.978108 0. 077874 0. 977486 6
0.080499 0. 080181 0. 979863 0. 970545 0. 970227 0., 078889 0. 78561 0, 978243 0.677872 7
0. 080828 0. 980514 0. 080202 0. 079890 6. 979578 0. 979240 0. 078924 0. 978612 0. 078248 8
0.081168 0. 980847 0. 880541 0. 080285 0. 979929 0, 870603 0. 079287 0. 072081 0. 978624 9
0. 081480 0, 981180 0. 080880 0, D80580 0. 980280 0, 976560 0, 679650 0, 979350 0, H78000 10
0, 981821 0, 081527 0. 081233 0, 080939 0. 980645 0. 580831 0. 080027 0,979733 0. 978390 11
0. 082162 0, 081874 0. 081580 0. 981208 0, 981010 0, 980702 0. 080404 0. 980116 0079780 | 12
0, 982503 0, 082221 0. 081035 0. 881857 0, 9813756 0, 0810738 0, 980781 0, 080489 0, 980170 13
0. 982844 ~ 0. 582568 0. 882202 0. 982016 0, 0817406 0, 081444 0. 081158 0, 080882 0, 580560 14
0, 0831856 0. 982015 0. 982645 0. 082375 0. 982105 ‘0, 981815 0. 081535 0. 081265 0. 980950 15
0. 983520 0, 983202 0. 082008 0. 982734 0. 982470 0. 082186 0. 981912 0. 081048 0.081840 | 16
0, D83807 0. 983600 0. 983351 0. 983093 0. 082835 0. 982557 0. 982289 0. 982031 0.981730 | 17
0, 984208 0, 983950 0. 083704 {0, 983452 0. §83200 0. 082028 0. 982668 0, 082414 0. 982120 18
0. 084540 0. 984303 0. 984057 0. DS3BLL 0.983505 | 0. 983200 0. 053043 0, 982797 0,982510 | 10
0. 984800 0, 084650 0. 084410 0, 984170 0, 983930 0. 083870 0. 983420 0, 983180 0, 982000 20
0. 085245 0, 980011 0., 984777 0, 984543 0. 984300 . 84055 0. 083811 0, BR35TT 0. 983304 21
0. 985600 0, 985372 0. 085144 0. 084916 0, 084088 0, 084440 0. 984202 0. 983974 0.088708 | 922
0. 9850536 8. 085783 0. 985511 0. 985260 0. 985067 0. 084825 0. 084598 0, 984371 0.984112 | 28
0, 986310 0, 086094 8. 085878 0, 885662 0. 980446 0. 985210 0, N84084 0, 984788 0, 084516 24
0. 986605 0, 086455 0. 086246 0. 9860356 0, 085825 0, 985595 0, 985375 0. 085185 0. 9849620 26
0. 987020 0. 986810 0. 986612 0. 986408 0. 886204 0., 985080 0. 085766 | 0, 085602 0.985324 | 26
0, 087875 0, 087177 0. 986970 0, 086781 0, 086583 | 0, 080365 © 0.086167 0. 085950 0.986728 | 27
0. 087780 0, 087538 0. 987346 0. 087154 0.080062 | 0. 080760 0. 086548 0, 096356 0986182 | 28
0. 988085 0. 087899 0. 987713 0, 987627 0087341 | 0. 987185 0. 986039 0, 080763 0.086536 | 20
0. 088440 0, 088260 0. 088080 0. 887800 0, 087720 0, 987520 0. 887330 0. 987160 0, 086040 30
0. 088810 0. 9880636 0. 988462 0. 088288 0. 088114 0. 987920 0.987736 0. 987662 6.987150 | 81
0. BBO18D 0. 980012 0. 988844 0. 988676 0. 988508 0. 988320 0.088142 0. 087074 0987778 | 82
0. 080550 0. 989388 0. 080226 0. 980064 0. 988902 0,988720 0. 088548 0. 988386 0.988107 | 38
0. 080920 0, 980704 0. 989608 0. 980452 0. 089296 0. 989120 0. 988954 0. 988798 0.088016 | 34
0. 00200 0. 900140 0, 089900 0, 080840 0. 982690 0, 989520 0. 889360 0. 989210 0. 989035 b
0. 990660 0. 090516 0, 990372 0, §00228 0, 990084 0. 989920 0. 089766 0. 080622 0. 980454 38
0. 991080 0. 000892 0. 900754 0. 980616 0, 000478 0. 990320 0.900172 0. 090034 0.080873 | 97
0. 991400 0, 091208 0. 901136 0, 091004 0. 990872 0, 990720 0. 090578 0. 900446 0.580202 | 98
0. 991770 0 001644 0. 191518 0. 001392 0, 991266 0. 991120 0. 900084 0. 990858 0, 98071L 30
0, 002140 0, 092020 0. 991800 0. 991780 0. 091660 0. 091620 0,091300 0. 091270 0. 091130 40
0. 9925626 0.002411 0, 902207 0. 092183 0. 992060 0. 901036 0. 901812 0. 901698 0. 091565 41
0. 992910 0, 092802 0. 062004 0, 092580 0. 092478 0. 002352 0, 802234 0, 092120 0902000 | 42
0. 993206 0. 903103 0. 003091 0. 992089 0. 992887 0. 992768 0, 902656 0. 02554 0.902435 | 48
0, 993680 0, 003584 0. 093488 0. 903892 4. 993206 0. 903184 0. 908078 0, 902082 0.902870 | 44
0. 904066 0, 008076 0. 503885 0. 903785 0. 993705 0. 003600 0, 093500 0. 093410 0. 053306 45
0. 004460 0. 994360 0. 004282 0. 994198 0. 904114 0. 904016 0, 903622 0. 003838 0.908740 | 40
0. 994895 0, 094767 0. 004679 0. 04601 0.994528 | 0. 004432 0. 904344 0, 004260 0994175 | 47
0. 05220 0. 905148 0, 005076 0. 005004 0, 004082 0, 904848 0, 094760 0. 924694 0. 964610 48
0. 905605 0. 905530 0. 085473 0. 995407 0. 995341 0, 905264 0. 995188 0. 505122 0006045 | 49
0. 095900 0, 005030 0, DAG8T0 0. 005810 0. 095750 0. 905080 0. 995610 0. 995550 0,005480 | . 50
0. 996301 0. 006337 0, 000288 0, 996229 0, 996175 0, 006112 0. 996049 0, 995005 0.095002 51
0. 906702 0. 906744 0. 906696 0. 996648 0. 996600 0, 996544 0,/050488 0, 906440 0. 906384 52
0. 997193 0. 07151 0, 967100 0. 997067 0, 997025 0. 406976 0. 906027 0, 09G885 0000830 | 53
0. BOT504 0. 907558 0, 907522 0. 907488 0. 907450 0, 67408 0. 997300 0, HO7330 0.907288 | B4
0. 997095 0. 997060 0. 907085 0. 907005 0, 097875 0. 957840 0, 907805 0, 907775 0.007740 | 56
0, 998396 0. 998372 0. D08348 0. 908324 0, 808300 0. 998272 0, 808244 0, D98220 0. 998192 56
0, 998707 0. 098770 0, 008761 0. 008743 0. 98725 0, 098704 0. 908683 0, 008565 0098044 1 67
0.900108 0.909186 0. 899174 0, 009162 0. 099150 0. 899136 0. 999122 0. 909110 0.009006 | 58
0, 000500 0. 590593 0. 990587 0. 999581 0. 899576 0, 020668 0, 09501 0. 999555 0909548 | 50
1. 000000 1. 000000 1, 000000 1. 600000 1, 0006000 1, 000000 1, 000000 1. 0( 0000 1. 000000 . 60
1. 000418 1. 000424 1. 000430 1.000436 1, 000442 1. 000449 1. 000456 1. 000463 1.000470 | 61
1, 000836 1, 000848 1. 000860 1. 000872 1. 000884 1, 000898 1, 000913 1., 000026 1,000040 | 62
1. 001254 1, 001272 1, 001200 1. 001308 1. 001826 * 1,001847 1.001368 1, 001389 1001410 | 08
1001072 | 1, 001696 1. 601720 1, 001744 1. 001768 1. 001796 1.001824 1. 001852 1.001880 | 04
1, 002000 | 1,002120 | 1, 002150 1.002180 1. 002210 1,002245 1.002280 1.002815 1,002350 | 65
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. DEGREES OF GRAVITY.
Degrees
of tem- -
Pﬂf(‘;"“;fe- 280, 290, 300, 310, 320, 330, 84o, . 850 360,
66 1002244 | - 1002268 1. 002292 1, 002322 1. 002352 1.002382 1. 002412 1002442 | 1002472
& 1. 002618 1. 002646 1. 002674 1. 002709 1.002744 1. 002779 1002814 | 1002848 1.002884
68 1. 002002 1. 002024 1. 003056 1. 003096 1.003136 1. 003176 1. 003216 1. 003256 1,003206
6 1, 003366 1. 003402 © 1.003438 1, 003483 1.003528 1. 003573 1. 003618 1. 003663 1.003708
70 1, 003740 1. 003780 1. 003820 1. 003870 1, 003820 1. 003970 1, 004020 1, 004070 1, 004120
ka8 1. 004131 1. 004175 1. 004219 1. 004274 l‘. 004329 1. 004384 1. 004439 1. 004485 1, 004550
) 1, 004522 1. 004570 1. 004618 1. 004678 1.004738 1, 004798 1. 004868 1004020 |, 1. 004080
73 1, 004018 1. 004865 1. 005017 1. 005082 1.005147 1. 005212 1,005277 1, 005345 1. 005410
74 1. 005304 1. 005360 1. 005416 1. 005480 1. 005550 1. 005628 1. 005696 1. 005770 1. 006840
75 1. 005695 1. 005755 1. 005815 1, 005890 1. 005965 1. 008040 1. 006115 1006195 | ..006270
76 1. 006086 1. 006160 1. 006214 1. 006294 1. 006374 1. 00045¢ 1. 006584 1,006620 | ~ 1006700 |
” 1. 006477 1. 006545 1. 000613 1. 006698 1. 006783 1. 008868 1, 608053 1. 007045 1. 007130
78 1. 006868 1. 606940 1007012 | 1. 007102 1, 007102 1. 007282 1. 007872 . 1. 007470 1. 007560
7 1, 007259 1. 007335 1. 007411 1, 007506 1, 007601 1. 007696 1.007701 1, 007895 1. 007990
80 1. 0076850 1. 007730 1, 007810 1. 007010 1. 008010 1. 008110 1. 008210 1. 008320 1, 008420
81 1. 008058 1. 008142 1. 008226 . 1.008331 1. 008437 1. 008542 1. 008647 1. 008763 1. 008869
82 © 1.008466 1. 008554 1. 008642 1. 008752 1. 008864 1. 008974 1. 000084 1. 000206 1. 009918
88 1. 008874 1. 008966 1. 000058 1.000178 1.000291 1. 009406 1, 009521 1000649 | 1, 009767
84 1. 0609282 1. 008378 1. 00947‘4 1. 009594 1, 009718 1. 009838 1. 000958 1. 010092 1. 010216
85 1. 008690 1. 000790 1. 008800 1. 010015 1. 010145 1. 010270 1. 010395 1. 010535 1. 010665
86 1. 810098 1. 010202 1. 010306 1. 010436 1, 010572 1. 010702 1, 010832 1, 010078 1.011114
87 1. 010606 1. 010614 1. 010722 1. 010857 1.010699 1. 011134 1. 011269 1. 011421 1. 011563
88 1. 010014 1. 011026 1.011138 1. 011278 1. 011426 1. 011566 1. 011706 1. 011804 1, 012012
80 1, 011822 1. 011438 1. 011554 1. 011009 1, 011853 1. 011008 1.012148 1012807 | 1012461
90 1. 011730 1. 011850 1. 011970 1. 012120 1. 012280 1. 012430 1, 012580 1. 012780 1, 012010
a1 1. 012155 1. 012279 1. 012404 1. 612550 1.012725 1. 012880 1. 013035 1. 013212 1.013378
02 1. 012580 1, 012708 1, 012838 1, 612998 1. 018170 1, 013330 1. 013400 1. 013674 1.013846
93 1. 013005 1. 813137 1. 013272 1. 013437 1, 013616 1. 018780 1. 013045 1. 014180 1,014314
04 1. 013430 1. 013506 1, 013706 1. 013876 1., 014060 1014200 | 1014400 1, 014508 1, 014782
95 1. 013855 1, 013005 1. 014140 1. 014315 1, 014505 ' 1. 014680 1. 014855 1. 015060 1. 0156250
96 1, 014280 1. 014424 1. 014574 1. 014754 1, 014950 1. 015180 1.015310 1. 015622 1.015718
97 1. 074705 1. 014853 1. 015008 1. 015193 1. 015395 1. 015580 1. 016765 1, 015084 1, 010186
08 1. 015180 1, 015282 1. 015442 1. 015082 1. 015840 . 1. 016030 1. 016220 1 0164468 1, 016064
09 1. 015655 1. 016711 1 015876 1. 016071 1. 616286 1. 016480 . 1. 0B56TH 1. 016908 1. 017122
100 1. 016080 1. 016140 1. 016310 1. 016510 1. 016730 L0ie9se | 1017130 1, 017870 1017500
101 1, 016422 1. 010687 1, 016762 1. 016967 1,017193 1. 017300 1. 017644 1, 017851 1, 018077
102 1. 016864 1. 017084 1.017214 1. 017424 1. 017656 1. 017808 1. 018078 1., 018332 1, 018564
103 1. 017306 1. 017481 1. 017666 1. 017881 1, 018119 1. 018337 1. 018562 1. 018813 1. 010051
104 1. 017748 1. 017628 -1.018118 1. 018338 1. 018582 1. 018806 1. 019026 1. 019204 1, 010538
105 1. 018100 1. 018875 1, 018570 1018795 1. 010045 1. 019275 1. 019500 1, 019775 1.020025
106 1. 018632 1. 018822 1. 019022 1. 019252 1. 019508 1. 019744 1. 019074 1. 020250 1. 020512
107 1. 019074 1. 010269 1. 010470 1, 010709 1, 019971 1. 020213 1. 020448 1. 420737 1. 020909
108 1. 910516 1. 010716 1. 009926 1. 020106 1. 0204384 1. 020682 1. 020022 1, 021218 1, 021480
109 1. 619958 1. 020103 1. 020378 1. 020623 1. 020807 1. 021161 1. 021306 1, 021699 1, 021073
110 1. 020400 1. 020610 1. 020830 1. 021080 1, 021360 1. 021620 1. 021870 1, 022180 1. 022460
111 1. 020860 1. 021075 1, 021300 1. 021566 1, 021842 1. 022108 1, 022368 1. 022080 1, 022067
12 1. 021320 1. 021540 1, 021770 1, 022032 1. 022324 1. 022596 . 1.022858 1. 023180 1, 023474
118 1. 021780 1. 022005 1. 022240 1. 022508 1, 022806 1. 023084 1, 023340 1. 023680 1. 023981
114 " 1,029240 1. 022470 - 1.022710 1022084 | 1.023088 1. 028572 1. 020842 1. 024180 1. 024488
116 1. 022700 1. 022635 1. 025180 . 1.023460 1. 028770 1. 024060 1, 024336 1. 024680 1, 024995
116 1. 023180 1. 023400 1. 023050 1. 028036 1. 024252 1. 024548 1. 024828 1, 025180 1. 025502
117 1, 023620 1. 023865 1, 024120 1. 024412 1, 024734 1. 025036 1, 02\5321 1. 025680 1. 026009
18 1. 024080 1. 024330 1. 024590 1. 024888 1,026216 1. 025624 1, 025814 1, 026180 1. 020516
118 1. 024540 1. 024795 1. 025060 1. 026364 1,026698 | - 1020012 1, 026307 1. 026680 1, 027029
120 1. 025000 1. 025260 1. 025630 1. 025840 1, 026180 1. 026500 1. 026800 1. 027180 1, 027530
121 1, 025478 1. 025748 1. 026019 1. 026335 1. 02608L 1, 027007 1. 027318 1. 027700 1, 028057
122 1. 025956 1. 026226 1, 026508 1. 020830 1007182 | 1, 027514 1. 027826 1. 028220 1. 028584
128 1. 026484 1. 026709 1. 020097 1. 027325 1, 027689 1028021 | 1,028330 1. 028740 1.020111
124 1. 0206912 1. 027192 1, 027486 1. 027820 1. 028184 1. (028528 1. 028852 1. 020260 1, 020688
125 1. 027300 1. 027675 1. 027975 1, 028315 1,028085 1. 029035 1. 020365 . 1.020780 | 1, 030165
120 1. 027808 1. 028158 1. 026464 1. 028810 1, 029186 1. 029542 1. 020878 1, 030300 1. 030602
127 1. 028346 1. 028641 1. 028053 1. 029305 1. 020687 1. 030040 © 1.030301 1. 030820 1.031219
128 1. 028824 1. 020124 1. 099442 1. 020800 1, 030188 1. 030556 1. 030004 1. 031340 1, 031740
129 1. 828302 1. 020607 1. 029981 1. 030295 1, 080689 1.031068 1,031417 1, 031860 1. 032278
130 1. 029780 1. 030090 1. 080420 1. 030790 1, 031190 1, 031670 1, 031630 1. 082380 1, 032800 !
P T
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TABLE OF EXPANSION OF THE WEST VIRGINIA NATURAL OILS—Continued.

DEGREEB OF GRAVITY.
. Degrees
S . - of tem.
310, 880, 840, 400, 410, 490, 430. 440, 450, pe(x:g;t)ure.
1. 002508 1. 002544 1, 002580 1. 002616 1. 002652 1. 002694 1, 002736 1. 00.2778 1. 002820 66
1. 002926 1. 002668 1. 003010 1. 003052 1. 003004 1. 003143 . 1.003192 1. 003241 1. 008280 a7
% 1, 003344 1, 003392 1. 003440 1, 003488 1. 003536 1. 008592 1. 003648 1. 003704 1. 008760 68
1. 003762 1. 003810 g 1, 003870 1, 008924 1. 003878 1. 004041 1, 004104 1.004167 1. 004230 il
1. 004180 1. 004240 1. 004300 1. 004380 1. 004420 1. 004490 1. 004560 1. 004630 1. 004700 0
1. 004616 1, 004482 1. 004748 1, 004814 1. 004880 1. 004957 1. 005084 1. 005112 © 0 1,005180 T
1. 005052 1. 005124 1, 005196 1. 005208 1, 005340 1, 005424 1, 005508 1, 005592 1.005678 72
1, 005488 ) 1. 005566 1, 005044 1, 005722 1. 005800 1. 005891 1, 005982 1, 006076 1. 008187 73
1, 005924 1. 000008 1, 006092 1. 008176 1, 0062680 1. 000358 1. 006456 1, 006558 1. 006056 4
1. 006360 1. 008450 1. 006540 1. 006630 1. 006720 1. 006825 1, 006930 1. 007040 1. 007145 75
1. 008796 1, 006892 1. 0006988 1, 007084 1. 007180 1. 007202 1, 007404 1, 007522 1. 007634 76
1, 007232 1, 007334 1. 007486 1. 0075638 1, 007040 1. 007759 1.007878 | 1, 008004 1008128 i
1. 007068 1.007776 1, 007884 1. 007992 1. 008100 1. 008228 1, 008352 1. 008486 1. 008612 3
1. 008104 1. 008218 1.008332 1, 008448 1. 008500 1. 008093 1. 008826 1, 008968 1. 009101 7
1, 008540 1, 008660 1. 008780 1, 008900 1.009020 1. 608180 1, 000300 1.000450 1, 000500 80
1, 008895 1, 000121 1. 000247 "1, 009378 1. 009490 1, 009646 1, 009703 1. 000051 1. 010099 81
1. 000450 1, 008582 1. 009714 1. 009840 1. 009978 . 1.010132 1. 010286 "1.010452 1, 010608 82
1. 000006 1, 010043 1, 010181 1. 010319 1. 0104567 1, 010618 1, 010770 1, 0610953 1, 011117 83
1, 010360 1, 010504 1. 010048 1. 010792 1. 010936 1. 011104 1. 011272 1, 011454 1,011626 84
1. 010815 1. 010065 1011115 1,011265 1, 011415 1. 011590 1. 011765 1. 011055 1, 012135 85
1. 011270 1. 011426 1. 011582 1, 011738 1.011804 1, 012076 1, 012258 1. 012456 1, 012644 86
1. 011725 1. 011887 1, 012040 1. 012211 1.012373 1, 012502 1, 012751 1, 412057 1. 013163 87
1. 012180 1. 012348 1. 012616 1. 012684 1. 012852 1. 018048 1. 018244 1. 013458 1, 013662 88
1. 012085 1, 012809 1. 012083 1. 013167 } 1. 013331 1, 013534 1. 018737 1. 013950 1014171 80
1. 018000 1. 013270 1. 013450 1, 013630 1, 013810 1. 014020 1. 014280 1, 014480 | 1. 014680 90
1. 018564 1. 013750 1, 013037 1. 014128 1, 014809 1. 014520 1. 014748 1, 014981 1, 015200 01
1, 014088 1. 014280 1. 014424 1. 014016 , 1, 014808 1. 315032 1, 015256 1, 016602 1. 015738 02
1. 014512 1, 014710 1,014011 1, 015109 1. 015807 1. 015538 1. 015769 1, 016023 1. 016267 93
1. 014988 1. 015190 1, 015898 . 1,015602 1, 015806 1. 016044 1. 016282 1, 018544 1, 016708 94
1. 015460 1. 016070 1. 015885 1, 018085 1, 016305 1, 0168550 1, 016795 1. 017066 1, 017325 95
1. 015934 1. 016150 1. 016372 1. 016588 1, 016804 1, 017068 1, 017808 1, 017586 1, 017854 08
1. 016408 1, 016630 1, 016859 1. 017081 1. 017808 L. 017662 L 017821 1, 018107 1, 018383 97
-1, 010882 1. 017110 1. 017348 . 1, 017574 1, 017802 1, 018068 1, 018334 1. 018028 1, 018012 08
1. 0178566 1. 017500 1. 017833 1, 018007 1. 018301 1, 018574 1. 018847 1. 010149 . 1,010441 09
1. 017830 1, 018070 1. 018320 1. 418500 * 1. 018800 1. 019080 1. 019860 1, 019670 1, 019070 100
1. 018324 1. 018570 1. 018827 1. 018073 1. 018320 1.019607 1. 018804 1, 020212 1. 020520 101
' 1,018818 1. 019070 M 1. 010384 1, 010586 1, 0190840 1. 020134 1. 020428 1. 620754 1, 021070 102
" 1. 019812 1. 019570 1, 010841 1. 020099 1, 020300 1. 020661 1. 020062 1. 021296 1, 021620 103
1, 010806 1, 020070 1, 020848 1. 020812 1, 020880 1, (21088 1. 021408 | 1. 021838 1, 022170 104
1, 020300 1, 020570 1, 020865 1. 021125 1, 021400 L 021718 1. 022030 1. 022880 | 1, 022720 108
1, 020704 1.021070 1. 021862 1. 021038 1021920 1022242 1, 022564 1. 022022 1,028270 | 108
1. 021288 1. 021570 1. 0218689 1, 022151 1, 022440 1, 022769 1. 023008 1. 028464 1, 028820 107
1.021782 1. 022070 1. 022376 1, 022664 1. 022060 1. 028296 1. 023632 1. 024006 1. 024370 108
1, 022276 1, 022570 1. 022883 1. 028177 1. 023480 1,023823 1. 024166 1. 024648 1, 024020 109
1. 622170 1. 028070 1, 028390 1. 023600 1, 024000 ’ 1. 024850 1, 024700 1. 025000 *1.025470 “1_!0
1. 023284 1, 023590 1, 023017 ‘ 1. 024224 1. 024541 1. 024800 1. 025256 1. 026654 1,026042 1
1. 023708 1, 024110 1. 024444 1. 024768 1. 025062 1.025448 1, 025812 1, 020218 1. 026814 112
1, 024312 1, 024030 1. 024071 1. 025202 1, 025623 1. 025997 1, 026308 1, 026782 1.027186 113
1. 024826 1. 025150 1. 025408 1. 026826 1. 026164 1. 026646 1, 026024 1. 027346 1, 027758 114
1, 025340 1. 026070 1. 020026 - 1. 026360 1020706 | 1, 027085 1, 027480 1, 027910 1. 028830 115
1025854 | 1. 0261980 1. 026562 1. 0208094 ©1,027248 1, 027644 1. 028036 1.028474 |4 1. 028802 116
1. 026868 1. 028710 1. 027079 1. 027428 1, 027787 1. 028193 1. 028582 1, 029038 1, 020474 u7
' 1, 026882 1. 027230 1. 027606 1. 027002 1. 028328 1. 028742 1. 020148 1, 020602 1, 030048 118
1. 027806 1, 027750 1, 028188 1, 028406 1. (28869 1. 020201 1. 020704 1. 080166 1. 030618 119
. 1. 027010 1. 028270 1, 028660 " 1.020080 1. 020410 1, 020840 1. 080260 1, 080730 1. 031180 120
! 1. 028444 1. 028811 1, 020208 1. 020585 1, 020973 1, 030411 1. 030839 1. 081817 1. 031785 121
‘ 1. 028978 1. 026862 1, 026756 1, 030140 1. 080636 1. 030982 1. 031418 1, 081004 ' 1. 032380 122
1. 020612 1. 020808 1. 080804 1. 030095 1, 031099 1. (031563 1. 031997 1, 082401 1, 032875 123
1. 030046 1. 080484 1. (80862 1. 0812860 1. 081862 1, 032124 1, 032576 1. 083078 1, 03R670 124
1. 080580 1.0808756 |° 1. 081400 1. 081805 1. 032225 1.032695 1. 038166 1, 038665 1, 034165 125
1. 081114 1. 031516 1. 081948 1. 032360 1. 082788 1. 033266 . 1. 088784 1, 034252 1, 034760 120
1. 081648 1. 082057 1, 082496 1. 0829156 1, 083351 1, 033837 1.084313 1. 084839 1, 036365 127
1. 082182 1, 032688 1. 033044 1, 083470 1. 033014 1. 084408 1, 034802‘P 1, 035428 1,086050 | 128
1,082716 1, 038189 - 1038502 1. 084026 1. 084477 1. 034079 1. 086471 1. 086013 1, 080545 129
1, 083250 1. 083680 1, 084140 1, 084580 1. 085040 1, 085650 1. 036050 1. 036600 1, 087140 130




116 PRODUCTION OF PETROLEUM. :

TABLES FOR THE RAPID AND EXACT COMPUTATION OF THE NUMBER OF GALLONS CONTAINED
IN ANY GIVEN WEIGHT OF OIL OR OTHER LIQUID LIGHTER THAN WATER, WITHOUT
MEASURING OR GAUGING,

ARRANGED WITH SPEOIAL REFERENOE TO THE WANIS OF THI? PRTROLEUM TRADE.
By 8. A. LatTiMorE, A. M., Professor of Chemistry in the University of Rochester, New York.

INSTRUCTIONS FOR THE USE OF THI TABLES.-—Ascertain the met weight of the oil or other fluid by the balance. The gravity is to
De next accurately ascentained by means of a correct hydrometer, the temperature of the fluid being 60° I, and the line of the scale just
below the sarface being taken. Turn to the page on which that gravity is given. In the first column find the number of pounds.
Opposite this number, in the column for the proper gravity, will be found the corresponding number of gallons, tenths and hundredths.
If the exact number of pounds does not occur, take the nearest smaller number, then the number next less than the remainder, and so on,
until the sum of these soveral numbers is the exact number of pounds required. :

ExAMPLE,

In 2,384 pounds of oil of 452 B., how many gallons ¢
‘ : Grallons,
2,000 POURAS - o oo e e e ee et eee e e eeeme aaamie ameae e aan M eiaciesesireraeesaanne v ecamen-aia 300,08
300 POUDAB. < oo veacrs e e e e e mra e e ens b e am s et m e e aaeaaa e aaanan " 45,01
B0 POUTIAE «e o i iememn e oo cae o mecmcansacnanm e e amananam e memmma amssassaseens amasaaanaa e 12. 00
4 pounds ........ e e e ehe e e e e ma e e et e s eeeeaeee e beeans anne 0.60
2y 3B POTIIS o m e ie i cice iaae cman aeee taee mmmn e ne s ama cmme M aeas aeen ammeen e e e 357,69

An additional series of tables is given embracing the more common gr‘a.vities of petroleum products and the range of the number of
gallons ordinarily contained in a single cask. Find the page for the required gravity, and opposite tlie net weight will be found the exact
pumber of gallons eontained in the cask.

DEGREES OF BAUME’S HYDROMETER.

Pounds. 150, 16e. 170, . 180, 190, 20‘3. 210, | 220, 280, 2490, 259, 260, 270, 289,
Gallons. Gallong, Gallons. Gallons, Gallons, | Gallons, | Gallons. | Gallons. | Gallons. | Gallons. | Gallone. | Gullons. | Qallons. | Gallons,

1 0.12 0.134{ . 013 0,138 0.13 0,18 0,13 0.13 0.18 0.13 0.13 0,13 0.14 0,14
2. 0. 25 0.25 0.25 0.2b 0.26 0,20 0,26 0,26 0. 268 0. 26 0.27 0.27 0,27 0,27
3 0,87 0.38 0.38 0,38 0.88 0.39 0,39 0.38 0,39 0.40 0.40 0. 40 0, 40 0,41
4 0. 50 0. 60 0.50 . 0.01 0. 61 0, 52 0, 52 0. 52 0.53 0.53 0.53 0, 54 0. 54 0. 64
[ 0,62 0. 63 0.63 0.63 0,04 0, 04 o 65 0,05 0. 66 0. 66 0,66 0. 07 0, 67 0. 08

[} 0. 75 0.76 . 0.78 0.76 0. 77 0,77 0.78 0.78 0.79 0. 79 0. 80 0.80 0, 81 0,81 {

T 0.87 0, 88 0.88 0.80 0,80 ©0.90 0,901 0.01 0,02 0,92 0.93 0. 94 0, 94 0. 856 ;
8 1,00 1,00 1,01 1.02 1.02 103 1.04 1,04 1.05 1.06 ) 1.00 1,07 1,08 1,08
g 1.12 1.13 1.13 1.14 1.15 116 L1171t 117 1.18 1. 20 1.20 1.20 1.21 1,82

io 1. 24 1,26 1,26 1,27 1.28 1.20 1.80 1,30 1.81 1.82 1.33 1.34 180 1. 36 E

20 2,49 2. 60 2,62 2,64 2. 56 2. 67 2. 68 2,61 2. 62 2. 64 2, 66 2. 88 2. 60 4.7 i
80 3.78 3.76 3,178 3,81 3.83 3.86 . 8.88 3,01 8. 04 8,06 8.90 4. 01 4,04 4. 008
.. 40 4,07 5, 01 5, 04 5. 08 " 6.1 8. 156 5.18 5,21 6. 25 6. 28 5. 81 6. 36 b, 88 5,43
60 a.22 6. 26 6.30 G, 34 8,89 0.43 6.47 6.52 6. 56 6. 60 6. 64 6. 69 G.73 6.77
. 60 7,40 7. 51 7,58 7.61 .67 7.72 777 7.82 7.87 7.02 7.97 8,03 8.08 8.18
70 8.70 8.76 8. 82 8.88 8.04 9. 00 9.06 9.12 9.18 9, 24 9,30 9,86 9,42 9,48
80 9,95 10, 01 10, 08 10,15 10.22 10.20 10.86 | © 10,43 10. 49 10, 56 10.63 10.70 10,77 |7 10,84
90 11,19 1127 . 1134 ) 1142 | 11.50 11. 58 1185 1173 1L 81 11, 98 11. 96 12,04 12,12 12,19
100 12.43 12. 52 12,61 12.69 12,78 12, 86 12, 85 13.08 13.12 13,21 18.29 13. 38 13.40 13,56
200 24, 87 25, 04 26, 21 25,88 26,55 26. 72 25, 84 26,07 26,24 26, 41 26, 657 28,75 26. 02 27.10

. .

300 37.80 37. 56 37,81 38,07 38.33 38, 568 38,84 30.10 39,36 30, 62 80. 86 40,18 40,88 40. 64
400 490,78 00. 07 50,42 60,76 51,11 51.45 51.79 52,18 52. 47 52,82 58.15 53, 50 53. 86 654,10
. b00 62,16 62. 59 63,02 |. 83. 45 §3.88 04, 31 64,74 85. 16 G5, 59 G6. 08 66. 45 66. 88 7. 80 67, 74
1, 000 124. 32 125,18 126..05 128, 00 127.76 128, 61 120, 47 130, 33 13118 182. 05 132,87 133.76 134. 61 185,48
2, 000 248, 65 250, 86 282, 09 253, 80 265, 58 257. 22 258, 94 260. 66 262. 37 264, 10 265.73 267, 52 260, 22 270, 96
3,000 372,97 | . 375.54 378,18 380. 69 383,29 385, 84 388.42 300, 09 393. 66 306. 16 398, 60 401, 28 403, 83 406, 48
4, 000 407.20 500. 71 504, 18 507, 69 511, 05 514. 45 517, 89 521,31 524,78 528, 20 531. 47 535,03 | * 5688.45 541, 01
5, 000 021, 61 625, 89 630. 23 634, 49 838,81 643, 00 647.36 051, 64 655, 92 860, 25 604.34 068, 79 873. 08 877,30
10, 000 1,243.22 1,251.78 1,260, 46 1,268.99 | 1,277.63 | 1,286.12 | 1,204.72 | 1,303,20 | 1,311.84 | 1,320.50 | 1,828.67 | 1,887,568 {4,846, 11 | 1,854.78
20, 000 2,486, 45 2, 503, 57 2, 520, 92 2,637,907 | 2,555.26 | 2,572.24 | 2,580.43 { 2, 000,58 | 2, 623,67 | 2,641.00 | 2,657,856 | 2,0675,15 | 2,602.22 | 2,700, 56
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DEGREES OF BAUMI¥S HYDROMETER—~Continued.
Pounds, 200, 300, 310, 320, 880, 349, 36°. 36°. 370. 380, “ afe, 400, 410, 420,
Gallons. Gallons, Gallons. | Gallons. | Gallons, | Gallons. | Gallons, | Gallons. | Gallons, | Gallons, | Gallons. | Gallons. | Gallons. | Gallons. .
1 0,14 0.14 0.14 0. 14 0,14 0. 14 0,14 0.14 0.14 0.14 0.14 0.15 0.15 0.15
2 0,27 0.27 0,28 0,28 0.28 0.28 0.28 (.28 0.29 0.29 0.20 0,20 0.29 0.20 -
3 0.41 0,41 0.41 0.42 0,42 0,42 0.43 0.43 0,43 0.43 0. 48 0.44 0,44 0.4
4 0, 55 0,55 0. 56 0.56 0. 56 0. 56 0. 567 0. 57 0.57 0, 58 0, 58 0. b8 0.59 0.50
5 0.68 0,060 0,69 0,60 0.70 0,70 0.71 0.71 0.72 0,72 0.72 0,73 0.73 0.74
6 0. 82 0,82 0.83 0.83 0.84 0,84 0.85 0,85 0.88 0.80 ©0.87 0.88 0.88 0. 80
7 0. 96 0. 496 0.97 0. 97 0,98 0.08 0,99 1.00 1.40 101 101 1.02 1.03 1,03
8 1.00 1.10 1.1 L1l 112 1.18 1,13 1.14 1.16 1.16 1.16 117 1.17 118
9 1,28 1,24 124 195 1.26 127 1.97 1,28 1.920 1,80 1.30 1.30 1.32 1.33
10 1.386 1.87 1.88 1.39 1,40 1,40 1.41 1,42 1.43 1.44 145 1,46 1. 47 1.47
20 2.78 2.74 2,70 2,78 2,80 2.81 2. 83 2. 85 2. 87 2,88 2,00 2,902 2.93 2.85
30 4.00 412 4,14 4,17 4,19 4,22 4,25 4,27 4.80 4,82 4,35 4.37 4.40 4,42
40 6.45 6. 40 b, 52 5.06 5,50 5,63 5,06 6. 409 5.73 B.70 B, 80 5. 83 4. 86 5. 80
50 6.82 6,86 6. 90 8.94 6.99 7,03 7.07 7.12 7.16 7.20 7.24 7.20 7.33 7,97
60 8.18 8.23 8.28 8.83 8.0 8.44 8.49 8.54 8,60 8.64 8,6 875  8.80 8.85
70 9, 58 9. 60 9. 66 9,72 .78 9,84 9.91 9. 86 10, 08 10,08 10.14 10, 20 10,28 10.32
80 10. 91 10.97 11,04 1111 11,18 (= 11,25 11,33 11. 39 11, 46 11. 52 11,60 ¢ 1L 66 11.73 11.80 -
90 12.27 12,85 12,42 12,50 12,58 12,66 12,78 12.81 12,80 12, 96 18.04 13.12 18.20 13.27
100 18. 03 18,72 18.80 13. 890 13.98 14. 00 14,18 14,23 14.38 14, 40 14,49 14,58 | 14,66 14,76
200 27,27 27.44 27,61 27,78 27,95 28.12 28,30 28, 47 28, 66 28,81 £8.908 20.16 29,32 20. 50
300 40, 90 41,16 41.42 41,67 41, 03 42,19 42,45 |~ 42.70 42,98 48.21 48,40 43.73 43.08 44,24
400 54. 63 54, 87 55,22 | ~  £5.56 §6.01 56. 256 56. G0 50. 93 57,80 57,02 67,08 8, 81 B68. 65 58. 80
500 08, 16 68,50 09, 02 60,45 60,88 |  70.8L| 7074 { TLIT|  TLGB | V202 | 7244 | 7289 | 7231 73.74
1,000 156,38 187.18 138.05 1801 | 18077 | 140.62 | 14148 | 142.8¢ | 148,26 144,04 | 144,88 | 1577 | 146,01 147.48
2,000 272, 06 274, 36 276.10 277,81 | 27m.64| 28L94 | 28207 | 284,07 | 286,51 | 285,00 | 260,76, 20L55| 203.23 20406
3, 000 408. 07 411, 54 414,14 416.71 419, 30 421. 87 424, 44 427, 02 420,78 432,12 434, 64 437. 31 430, 84 442,44
4, 000 545. 30 548,72 552, 10 556, 62 559, 07 562, 40 5465, 02 569, 36 578, 04 676.16 570, 62 583. 00 586,46 589, 02
5, 000 081, 63 685, 90 600, 24 004,52 008, 84 703.11 707,41 711, 68 716,20 720, 24 724,41 728, 86 733. 07 787, 40
10, 000 1, 863, 25 1,871.81 1,880,49 1,880,056 | 1,807.68 | 1,406.21 | 1,414.88 | 1,423, 36 | 1,432.58 | 1,440.47 | 1,448, 81 | 1,457.73 1,466,156 | 1,474.80
20, 008 2, 726, 50 2,748, 63 2,760, 08 2,778.10 | 2,705.80 | 2, 812,42 | 2,820,066 | 2,846.73 2,865, 16 | 2,880,938 | 2,807, 08 | 2,016.45 | 2,032.20 | 2,048, 59
Pounda, 430, 440, 450, 469, 479, 480, 490, 50°. 510, 520, 530, 540, 56°. 56°,
Gallons. Gallons. Gallons. Gallons. | Gallons. | Gallons. | Gallons, | Gallons, | Gallons. | Gallons, | Gallons. | Gallons. | Gallons. | Gallons,
1 0,16 0,16 0.15 0.15 0,156 0.15 0,15 0.16 0,16 0.16 0.16 0. 16 0.16 0.18
2 0. 30 0,30 0,30 0,30 0,380 0,8L 0.31 0.81 0.81 031 0,31 0.32 0,32 0,82
3 0.45 0,45 0,46 0,45 0.40 0,46 0.46 0,46 0.47 0. 47 0.47 0.47 | = 0.48 0.48
4 0. 59 0,80 0, 60 0.60 0.01 0. 61 0,61 0,62 0,02 0. 62 0.63 0. 03 0. 64 0,04
5 0.74 0.75 0.75 0.70 0.0 0.76 0.77 0.77 0.78 0.78 0.7 0.79 0.79 0.80
[} 0. 80 0, 89 0.00 0.01 6,01 0,902 0,82 0. 98 0,93 0,04 004 0. 05 0, 956 0. 06
7 1,04 104 1,05 1,00 1. 00 107 .07 - 1,08 1,00 1.09 110 1.10 111 1.12
8 1.19 1,19 1.2¢ L21 1,21 122 1,23 1. 24 1.24 1,26 1.26 1.28 1,27 1.28
9 1.8¢ 1,84 1.86 1.80 1.87 1,87 1,38 1,80 1,40 1,40 1.41 1,42 1.43 1.4
10 1. 48 1,49 1,50 1.51 1,52 153 1. 568 1. 64 1, 56 1.56 1. 67 1. 58 1.59 1.50
20 2.0 2,98 3,00 3.02 8,04 3,05 8. 07 3. 00 3.10 8,12 8. 14 3.18 8.17 3.19
30 4.46 4,47 4. 50 4,53 4,55 4,68 4,60 4. 63 4. 66 4,08 471 4.78 4,76 4.8
40 5.98 590 6. 00 8,04 0,07 611 614 6,17 021 8, 24 6.28 6.81 6. 85 6. 88
60 7.41 7.46 7,50 7,566 7. 59 7,03 7.67 7.72 7.76 7.80 7,85 7.80 7.03 7.97
00 8,00 8 94 9,00 0.08 0.11 0,16 9,21 9. 26 0,31 9.30 0,41 0. 47 9. 52 0. 657
70 10.88 10,48 10, 50 10. 56 10, 62 10, 68 10, 74 10. 80 10, 86 10,92 10,98 17, 04 11.10 11,18
80 11, 87 1192 12,00 12,07 12,14 13,21 12,28 12,36 12,42 12.48 12,56 12.62 12.69 12,76
90 18.85 18,41 18,50 13,60 18, 66 18,74 18, 81 13.89 18,47 14, 04 i4.12 14.20 14.28 14.35
100 14. 88 14,01, 15, 00 16,00 15,18 15, 26 15, 35 15, 43 15. 52 15. 61 15. 69 15,78 15,86 15, 95
200 20. 67 20, 81 30,00 30.18 so.56] 3062 | 80.70| 80.87| 8L04| aL21| 9188| BLEG| 8T8 L0
300 44. 60 44,72 45.01 45,27 46. 53 45,70 46,04 46,30 46, 56 | 46, 82 47,07 47.88 47, 59 47,85
400 50, 84 59, 62 60, 02 60. 38 60,71 6L, 05 G1. 89 61,74 62, 08 02,42 62,76 63.11 48, 45 63, 80
600 74.17 74. 53 75, 02 5. 46 75. 88 76,81 76,74 7.17 7. 60 78.08 78.45 78. 89 79,41 79,75
1, 000 148.34 149, 05 150. 04 160, 91 15L 57 152. 62 168, 48 164, 84 1656. 20 160, 06 166, 91 187,77 158, 63 159. 49
2, 000 286, 67 208,11 300, 08 301,82 308, 56 305, 24 306, 95 308. 60 810.40 312.10 818.81 315. 556 317.26 318.08
4, 000 445, 02 447.10 460,13 452,73 456, 30 457, 85 460, 43 468, 08 465. G0 468.16 470,72 473, 82 475.88 478,47
4,000 598. 85 536, 22 600. 17 608, 64 607, 07 610,47 618, 01 617.38 620, 80 424, 20 627.63 (31. 09 634, 6L 637. 96
6, 000 741, 69 745, 27 750, 21 764, 65 758, 84 763, 00 707,38 77L72 776, 01 780, 26 784,54 788, 87 793,13 797, 45
10,000 | 1,483.97 | 1,400.58 | 1,500.42 | 1,500:00 | 1,517.63 | 1,620.18 | 1,534.75 | 1,643.45 | 1,662, 02 ) 1, 56050 | 1, 565 o7 | 1,677.74 | '1,586.27 | 1,504.90
20, 600 2, 960, 74 2,981, 07 8, 000, 84 8,018, 18 | 8, 035.506 | 8, 062,86 | 3,000 51 | 8,080,00 | 8,104,065 | 8,121, 00 | 3,183, 14 | 8,105.47 8,172.53 | 3,180.70
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PRODUCTION OF PETROLEUM.

DEGREES OF BAUME'S HYDROMETER—Continued,

Pounds. 57°. 589, 590, 60°, 61°. 620, . B39, 640, 65°, 700, 759, 800, 859,
Gallons. Ga{lon&: Gallons. Gallons. Gallons. | Gallons. | Gallons. Galions. | Gallons. Gallons. | Gallons, | Gallons. | Gallons.
1 0,16 0,16 0.16 0,18 0.16 0.17 0.17 0,17 0.17 0,17 0,18 0.18 0.18
2 0,82 0.32 0.82 0.32 0.83 0.33 0.38 0.33 0,33 0. 84 0.35 0.46 0.37
3 0.48 0.48 0.49 0. 48 0.49 0.49 e, 50 0. 50 0. 50 0. 51 0.53 0. 64 0,55
4 0. 64 0.65 0. 65 0,85 0. 66 0. 66 0. 66 0. 67 0.67 0,69 0.70 0.72 0.74
5} 0.80 0.8L 0.81 0.82 0,82 0,82 0.83 0.83 0. 84 0. 86 0.88 0. 99 0,92
i 0. 96 0.97 0. 97 0.98 0.98 0.99 1.00 1. 00 1,00 1.03 1,06 1.08 L1
7 1,12 1.18 1.13 114 115 1,15 1.18 1.16 1,17 120 1.28 1,26 1.20
8 1,28 1.20 1.80 1.30 La 1.31 1.82 1.33 1.34 1.87 1.41 1. 44 1.48
9 L.44 1.45 1.46 1,47 147 1.48 1.49 1. 650 1.50 1. 54 1.58 1.62 1.66
10 1.80 1.61 1.62 163 1, 64 1.85 1L.65 1,06 1,07 1.72 1.78 1. 80 1,84
20 8.21 3.22 3.4 3,24 3.28 3.20 3,81 3.33 3.34 3,43 8,52 3.60 3.69
30 4. 81 4.84 4. 86 4.89 4,901 4,04 4.08 4. 09 5.02 5,14 5,28 5,40 5,53
40 6. 41 6.45 6.48 6, 52 6. 65 4. 50 6.62 6, 65 6, 69 8. 86 7. 08 7.20 7.87
80 8.02 8,06 too8.10 8,15 8.19 8.23 8.27 8.32 8,36 8.57 8. 79 0.00 9.2
60 9. 02 0. 67 9.92 9,77 9.83 9. 88 903 9. 99 10. 03 10,29 10. 55 10. 80 11. 06
70 11,22 11. 28 11,34 11,40 11. 48 11.53 11.58 11. 64 1L 60 12.00 | 12,31 12. 60 12,00
80 12,88 12,90 12,96 13.03 13. 10 13.16 13.24 13,31 13.38 13.72 : 14, 07 14,41 | 14.75
00 14,48 14, 51 14,758 14, G6 14.74 14.82 14, 89 14.97 15. 05 15.43 ! 15. 83 16,21 16, 69
100 16,03 16,12 16.21 16.29 16. 88 16. 47 16.55 10. 64 10,72 17.15 17. 59 18.01 18,44
- 200 82,07 32.24 32,41 32.58 32.76 32,93 93,10 33,27 33. 44 34. 30 35,17 36.01 30. 87
|
300 48,10 48,36 48.01 | 48. 87 49,13 49, 40 49, 66 48, 90 50,16 51,44 | 52,176 54,02 5p, 31
400 64.14 04.48 64, 82 05.16 65. 51 05. 86 66. 20 66, b4 66, 88 68, 50 { © 70,84 72,03 73.74
500 80.17 80. 60 81.03 81,46 81,89 82,33 82,15 83.17 83, 60 85, 74 87. 98 00, 04 02,18
1, G600 160. 34 i61.21 162. 05 162.91 168, 78 164. 66 166. 49 166. 35 167.20 171. 48 175. 86 180. 07 184, 36
2, 000 320, 69 322,41 324.11 323,82 327, 56 329, 31 330. 09 332. 69 334, 40 342, 95 351. 72 360, 14 868, 71
3, 000 481, 083 483. 60 486.16 488,78 401, 84 i 493, 97 400. 48 409, 03 510, 60 514,43 527. 58 540, 21 663, 06
4,000 641, 87 044.82 048, 21 651 64 655. 11 658. 62 GG1. 98 865, 38 668, 81 085, 01 703. 44 720. 28 737,42
’ 5,000 801.72 806. 02 810, 27 814. 56 818, 80 823,28 827,47 831.73 836. 01 857,38 879. 30 900. 35 021,77
10, 000 1,608.44 1, 612, 05 1, 620. 54 1,620, 12 1,037. 7% 1, 646, 55 1, 654, 04 1, 668, 45 1, 672, 02 1,714.77 | 1,758,560 | 1,800.70 | 1,848,355
20, 000 8, 200,87 3, 224,00 3, 241. 07 3,238.24 3, 276, 67 3,208.10 8, 309. 88 3, 326, 00 8,844, 03 8,420.53 | 3,517.18 | 3,601.40 | 3,087.11
TABLE OF COMPARATIVE WEIGHTS AND MEASURES OF OIL.
15° GRAVITY,
‘ f
Pounds. | Gallons, [ Pounds, | Gallons. :‘ Pounds. | Gallons. || Pounds, | Gallons, ‘: Pounds. | Gallons.

288 35,8 I 818 30.56 ! 348 +43.3 378 47.0 ! 408 60.7

289 35,90 a19 39.7 340 48,4 |l 879 47.1 ‘ 400 50.9

290 86,1 320 30.8 350° 43.6 | - 380 47.8 410 51,0

201 36,2 321 29.9 851 43.6 |l 381 47.4 411 51,1

202 36,3 322 40.0 352 43.8 382 47.6 412 51.2

208 36, 4 323 40.2 353 43.0 388 47.6 413 51.8

204 36,6 ! 324 40.3 854 44,0 884 47.8 4 414 515

205 36,7 1‘ 325 40.4 | 365 4.1 385 47,9 415 51.6

296 36.8 326 40.5 |} 3566 44.3 386 48.0 416 617

207 36,9 327 40.7 367 44,4 387 48.1 417 51.8

" 298 7.1 28 40.8 368 44,5 388 48.3 418 52.0

299 37.2 320 40.9 359 44,6 389 48.4 419 52.1

300 3_7. 3 330 41.0 360 44.8 380 48.5 420 52,2

a0 87.4 331 41.2 361 44,9 . 301 48.6 i 421 52,8

302 37.0 382 41.8 362 45.0 i 892 48,7 |l - 492 52,5

8038 37.7 333 41. 4 263 45,1 298 48.9 428 52,6

304 37.8 884 41.5 364 46,3 894 49.0 424 62.7

305 37.6 335 41.7 365 46.4 305 49,1 425 52,8

300 38,1 336 41.8 360 46,5 306 49.2 | 426 53. 0

307 38.2 337 41.9 367 45.0 397 49.4 ! 427 53.1

308 38.8 338 42,0 368 45.8 308 49.5 1 428 58, 2

809 88. 4 330 42.2 869 '45.9 399 49.6° 429 53,8

310 88,5 340 42.3 870 46.0 400 40.7 430 53.5

ai1 38,7 341 42.4 a1 46,1 401 49,9 431 53,6

812 38.8 842 42.5 872 46,38 402 50.0 432 53.7

818 38.9 343 42,6 873 46,4 403 60.1 438 68.8

i 314 39,0 844 42.8 374 46,5 404 50.2 434 68,9

816 30.2 345 42.9 875 46.6 406 50,4 435 64,0

816 89,8 346 43.0 876 46.8 406 | §0.5 436 54.2

817’ 39.4 847 48,1 877 46,9 407 50. 6 437 54.3




THE NATU‘RAL HISTORY OF PETROLEUM.

TABLE OF COMPARATIVE WEIGHTS AND MEASURES OF OIL—Continued.
20° GRAVITY,

Pounds, | Gallons. || Pounds. | Gallons. || Pounds, | Gallons. || Pounds. ’ Gallons. i| Pounds. | Gallons.
- 1
1 B
280 86.0 310 39.9 340 43,7 370 [ 47.6 400 5.5
281 36,1 311 40. 0 341 48,9 371 | 47.7 401 51,6
282 36,8 312 40.1 842 44,0 372 47.8 402 51,7
283 86,4 313 40,3 343 44.1 373 48,0 403 51,8
284 86.5 314 40.4 344 44,8 374 48.1 404 52.0
285 36,7 815 40.5 345 4.4 : 375 48,2 405 62,1
286 86.8 3186 40,0 348 4.5 378 48,4 400 52.2
287 36.9 n7 40.8 347 44.6 377 48.5 . 407 52,4
288 37.0 318 40,9 348 44.8 378 48.6 408 62,6
289 87.2 319 41.0 349 44,9 376 48,7 400 52.6
290 7.3 320 41.2 360 45.0 380 48,9 410 . 62,7
201 87.4 321 41.8 351 45.1 381 49.0 411 52,9
202 37.6 322 41.4 362 45.8' 282 45,1 412 < 530
208 37.7 323 41.5 353 45, 4 a83 49.3 413 53.1
204 3n.8 324 41.7 364 45,6 384 49.4 414 63.3
206 37.9 825 41.8 355 45.7 886 40,5 416 - 58,4
206 38.1 328 41.9 350 45.8 386 49.6 414 63.5
207 88.2 327 42,1 357 45,9 887 49.8 417 53.6
208 38.8 328 49,2 358 46,0 388 49,9 418 53.8
200 88.5 320 42,3 350 46,2 389 50,0 419 63,9
300 38.8 830 42,4 360 46,3 390 50.2 420 64,0
301 8.7 331 42,6 361 46.4 391 50. 8 421 54,2
802 88.8 332 42.7 862 40,6 892 50,4 422 54.8
303 30.0 283 42,8 3063 46.7 302 50.8 423 bt 4
304 89.1 834 43.0 3064 46,8 394 50,7 424 64,5
805 30.2 385 43,1 | 3065 46.0 305 50.8 426 54,7
806 30.4 330 48,2 ( 366 47.1 it 50. 9 428 54.8
807 30.56 387 43.3 367 47.2 307 51,1 427 54,0
808 30,6 338 43,5 368 47,8 308 51.2 428 66,1
300 307 339 f 43.6 869 47.5 399 5.8 420 65.2
21e GRAVITY.
278 35.9 308 30,9 338 48.8 868 47.7 398 51,56
279 86,1 300 40,0 330 43.9 360 47.8 309 8L7
280 30,2 N0 | 40, ) 340 44,0 370 47.9 400 5.8
281 86.3 311 40,3 341 442 871 48.0 401 L9
282 36,6 812 40, 4 342 44.8 372 48.2 -402 62,1
283 30.6 313 40. 5 43 44,4 373 48.8 403 52.2
284 86.7 814 40.7 44 4.5 374 48. 4 404 £2.8
286 36.9 . 816 40.8 345 4.7 315 48,6 405 52. 4
286 87,0 316 40.9 340 44,8 376 48,7 406 52,6
287 3.1 317 41,1 ad7 4.0 377 48.8 407 52.7
288 87,2 318 41 2‘ 348 45.1 378 48.9 408 52,8
280 87.4 310 41.8 249 45, 2 870 49,1 409 58,0
200 37.5 320 41,4 360 45.8 380 40.2 410 53.1
201 3.6 421 41. 6 851 45,4 381 49,8 411 53,2
202 37.8 822 41,7 862 46.6 382 40,5 4i2 63. 4
288 87,9 323 4.8 353 45,7 388 49,6 418 63. 6
204 88.0 824 4L.9 354 45,8 384 40,7 414 58.6
206" 38,1 326 42.1 365 46,0 385 40,9 416 63.7
296 38.3 820 42.2 856 46,1 386 50.0 418 58. 0
207 88.4 327 42.3 8567 46,2 387 50.1 417 54.0
208 38.6 328 42, 5 368 46, 4 388 50, 2 418 64,1
299 88.1 320 42,6 859 46.5 389 50.4 | 419 54,8
800 38.8 330 42,7 360 46.6 300 50. 6 420 54,4
301 30,0 831 42,9 a6l 46,7 391 50,0 421 B4 5
802 89,1 832 43,0 362 46.9 302 50.8 422 54,6
803 89,2 333 48.1 363 47.0 393 50,9 423 54.8
804 39,4 834 48,2 864 47.1 394 51.0 424 540
305 80.5 335 48.4 365 47.8 805 ALl 425 55.0
808" 39.6 886 43. 6 866 47.4 308 51.8 '426 55,2
807 8.8 837 43.8 867 47.5 897 51,4 427 65.3
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PRODUCTION OF PETROLEUM.

TABLE OF COMPARATIVE WEIGHTS AND MEASURES OF OIL—Continued,
220 GRAVITY.

Pounds. | Gellons. | Pounds. ‘ Gallons. |} Pounds, | Gallons. || Pounds. | Gallons, || Pounds. | Gallons.
| ! JRSUSS | p.

276 85.8 305 | 39.8 335 43.7 365 47.6 385 51.5
278 86.0 306 | 80.9 336 43.8 866 47.7 896 51,6
277 36.1 307 | 40.0 337 43.9 367 47.8 397 6L.7
278 36,2 308 40.1 338 44,1 368 48,0 358 5.9
279 36. ¢ 309 40.3 389 44,2 369 48.1 300 52,0
280 36.5 310 40. 4 840. 44.8 370 48,2 400 52.1
281 36. 0 311 40.5 341 44.4 871 48,4 401 52,3
282 36.8 312 40.7 342 44.6 372 48.5 402 52, 4
283 36.9 313 40.8 343 44.7 378 48.6 403 52.5
284 37.0 314 40.9 344 4.8 374 48,7 404 52.7
285 37.2 315 411 345 45.0 875 48,9 405 62,8
286 87.8 a6 41. 2 840 45.1 376 | 49.0 400 52.9
287 87.4 317 ! 4.3 347 452 | 8717 4 40.1 407 63.0
288 87.56 318 i1.4 348 5.4 ! 378 | 40.3 408 §3.2
289 37.7 318 41.6 849 45.5 370 40.4 400 53.8
200 37.8 820 41.7 350 45,6 380 49,5 410 53.4
201 37,9 a21 41,8 351 45.8 881 40.7 411 53.6
292 ! 38,1 322 42.0 852 45.9 382 49.8 412 63.7
203 48.2 328 42.1 358 46. 0 883 49,9 413 63,8
204 38.3 324 42,2 854 48.1 884 50.1 414 54.0

206 | - 385 825 42. 4 855 46.3 385 50,2 415 4.1
208 | 38. 8 326 42.5 866 46.4 386 50.8 416 54,2
297 } 38,7 827 42.0 857 46.5 387 50.4 417 54.8
208 38.8 328 42.8 68 46,7 388 50.6 418 54,5
289 30.0 329 42,9 350 46.8 889 50.7 419 64,6
800 80.1 330 42.0 360 46.9 300 50,8 420 54.7
301 80.2 831 48.1 301 47.1 301 51.0 421 54.9
802 39. 4 332 43.3 862 47.2 302 51.1 422 55,0
803 80.5 338 3.4 863 47.8 803 512 423 55.1
804 89,6 334 4.5 364 7.4 894 514 424 55.8

23° GRAVITY.

274 36.0 804 89. 0 234 48.8 364 47.8 804 5L7
275 86.1 805 40,0 335 44,0 365 47,9 385 5L.8
276 36.2 806 40, 2 336 i1 366 48.0 396 52,0
277 86.3 807 40.3 a7 44,2 367 48,2 a97 52,1
278 86.5 308 40.4 888 44.4 808 48,3 408 62.2
279 0. 6 | 809 40.5 330 44,5 309 48.4 399 52,4
280 86.7 & 810 40,7 340 44,6 870 48,6 400 62.5
281 36,9 311 40,8 841 44,7 871 48.7 401 52,6
282 7.0 812 40.9 842 4.9 872 48.8 402 (2
283 37.1 318 41,1 343 45,0 878 48.9 408 62.9
284 47.3 a1 41.2 344 45.1 874 49.1 404 53,0
285 47,4 815 4.3 34b 46.3 a75 40.2 405 53,1
286 87.5 316 4L5 346 45,4 876 49,8 406 63.8
287 377 317 41.6 847 45.5 377 40,6 407 63,4
288 87,8 818 417 848 45.7 378 40.6 408 63,6
280 37,9 319 41,9 340 45.8 879 49.7 408 53.7
280 38.1 320 42.0 850 45.9 380 40.9 410 53.8
291 382 321 42.1 351 46,1 881 50,0 411 58,9
292 38.3 322 42,2 352 |- 46,2 882 50.1 412 54,1
293 38.4 823 494 853 46.3 383 50.2 413 54.2
284 38.6 824 42,5 354 46.5 384 80. 4 414 64,8
285 8.7 825 42.6 355 46.6 886 50.5. 415 o4, 4
280 98.8 326 42,8 856 46,7 386 50.6 416 54.6
287 89.0 327 42.9 357 46,8 887 50,8 417 54.7
208 89.1 828 43.0 858 4.0 388 50. 9 418 54.8
209 89,2 820 43.2 350 47.1 389 51, 0 419 55.0
300 89,4 830 48,8 360 41.2 390 512 420 85.1
801 30.8 831 43.4 861 47.4 801 51.3 421 65,2
.802 . 80,4 382 48.6 302 41,5 392 51,4 422 65.4
i 808 80.8 833 43.7 863 47.6 898 5L6 428 55,5
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THE NATURAL HISTORY OF PETROLEUM.

TABLE OF COMPARATIVE WEIGHTS AND MEASURES OF OIL~—Continued.
240 GRAVITY.

Pounds. | Gallons, | | Tounds. | Gallens. [| Pounds. | Gallons. || Pounds, | Gallons. || Pounds, | Gallens.
272 35.9 302 30.9 332 43,8 362 1} 47.8 362 51.8
273 36.1 303 40.0 333 44,0 863 | 479 808 61.9
274 36.2 304 40,2 334 44,1 304 ! 48,1 394 52,0
276 36.3 305 40.3 335 44.2 866 | 48,2 805 02,2
276 86,4 306 40,4 336 4.4 366 | 48,3 396 52,8
277 30,0 807 40.5 337 4.5 3067 48,5 307 52.4
218 306.7 308 40,7 338 44.6 368 48,8 893 52.6
279 36.9 300 40.8 ash 44,8 360 48.7 309 52,7
280 87.0 310 40.9 340 4.9 370 48.9 400 ' 52,8
281 8.1 11 41,1 341 45.0 371 40.0 401 53.0
282 37.2 812 41,2 342 45,2 372 40.1 402 83,1
283 37. 4 313 41.8 348 45.3 373 40.8 403 53.2
284 anb 314 41,5 344 45, 4 374 40,4 404 53.4
285 37.6 815 41. 8 3435 45,6 375 49.5 405 63.5
286 87.8 316 41,7 346 45.7 376 490.7 406 53.6
287 379 317 41,9 347 45,8 377 49,8 407 58.7
288 88,0 318 42,0 348 46,0 378 40,8 408 53.9
289 38,2 319 42,1 340 46.1 378 50,1 400 64,0
200 38.8 320 42,3 350 46,2 380 60,2 410 541
201 38.4 321 42,4 361 46.4 881 50.8 411 654.8
202 38.0 822 42,5 3562 40,5 382 650.4 412 54.4
203 8.7 323 42,7 353 46,6 888 50, ¢ 418 54,5
294 38.8 824 42,8 364 46,8 384 50.7 414 54.7
205 30,0 3256 42,0 335 46.9 385 50,8 415 54.8
200 30,1 326 43.1 366 47.0 380 51.0 416 54. 0
207 30,2 327 43.2 357 4.1 387 511 417 65.1
208 80,4 828 43,8 3568 47,3 388 5L2 418 55,2
200 80,6 820 43.6 360 47.4 3890 61. 4 419 65.3
800 39,6 380 43.6 360 47.5 300 [ 420 55,5

' 801 30.8 331 43,7 361 47.7 301 51.6 421 53,8

269 GRAVITY.

271 86,0 301 40,0 381 44.0 . 861 48,0 301 52.0
272 36,1 802 40,1 332 44.1 302 48,1 392 52.1
218 36.3 808 40,8 333 44.3 363 48¥2 398 52.2
274 36.4 304 40,4 984 44,4 804 48.4 304 b2.4
275 36,5 306 40.5 885 44.5 305 48,5 395 62,5
276 86,7 306 40.7 830 4.7 366 48.6 300 62.6
21 30.8 307 40,8 as7 44.8 367 48.8 307 52.8
278 36,9 808 40,9 838 4. 9 368 48,9 308 52,9
279 37,1 809 411 389 46,1 369 49,0 300 53.0
280 87.2 810 41,2 340 45.2 370 40,2 400 63.2
281 a7.3 189 418 341 45.8 871 49,3 401" B3.3
282 87.5 312 41.6 342 45,4 372 40, 4 402 53.4
283 87.6 818 41,0 843 45.6 373 40,6 408 53. 6
284 8v.7 314 417 844 45.7 874 49,7 404 63.7
285 87.9 315 410 845 | 45,8 875 49,8 405 53.8
280 38,0 316 42,0 846 46.0 ara 50,0 408 54.0
287 38.1 7 42,1 347 46,1 877 §0.1 407 54,1
288 38,3 818 42.8 348 48,2 378 50.2 408 54.2
280 88,4 " 810 42,4 340 46,4 370 60. 4 409 54, 4
200 88.5 820 42,6 8560 46,5 380 50.5 410 4.6
201 38,7 321 42,17 351, 46.6 381 50,6 411 54.6
202 38,8 822 42.8 3562 46.8 382 50,8 412 64.8
208 88,9 323 42,9 368 46,0 883 50. 0 418 54. 9
204 39,1 324 43.1 364 7.0 384 610 414 55,0
2056 89,2 825 48,2 356 47.2 385 51.2 415 66,1
200 39,8 320 43.8 856 4.8 388 518 416 55.8
207 80.6 327 48.5 867 4iT.4 887 51.4 417 65,4
208 30.6 828 43.0 868 47.6 388 61.6 418 55.5
20 30,7 320 48,7 859 4.7 889 617 419 65,7
300 80.0 830 43.9 360 47.8 390 51,8 420 55.8
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PRODUCTION OF PETROLEUM.

TABLE OF COMPARATIVE WEIGHTS AND MEASURES OTF' OIL—Continued.
260 GRAVITY.

Poands. | Gallons, || Pounds, | Gallons. “ Pounds. E Gallons. || Pounds. | Gallons. || Pounds. | Gallons.
I
269 86.0 299 40.0 320 44,0 359 48,0 389 52,0
270 36.1 300 40.1 330 44,1 860 48. 2 390 52,2
271 36.2 301 40.3 331 4.3 | 361 48.3 391 2.3
272 86.4 302 40.4 332 4.4 ! 362 48.4 392 52. 4
273 36.5 308 40.5 333 4.5 363 48,6 303 52.0
274 36.7 204 40.7 334 4,7 364 48.7 394 627
276 86.8 305 40.8 335 448 885 48.8 385 52.8
276 a6,0 300 40,9 336 44,9 866 49,0 396 53.0
277 37.1 307 411 U 387 45.1 367 49.1 307 53.1
278 37.2 308 41.2 888 45,2 368 49.2 398 53.2
279 87.8 300 41.3 339 45.8 369 40, 4 399 53. 4
280 37.6 210 415 340 45, b 370 49,5 400 53.5
281 37.6 311 41.6 841 45. 8 371 49:6 401 53.6
282 7.7 312 41.7 342 45.8 872 49,8 402 53,8
283 37.0 313 41. 9 343 45.9 373 49,9 403 53,0
284 . 88.0 314 42,0 844 48,0 374 50. 0 404 54.0
286 88.1 315 42,1 346 46,2 375 50,2 405 54,2
286 38.3 316 42,8 340 46.3 376 50.3 406 5.3
287 88.4 317 42.4 347 46.4 377 50. 4 1‘ 407 54,4
288 38.5 318 42.5 348 46,6 878 50. 6 408 54,0
289 88.7 319 42.7 349 46.7 379 §0.7 409 54,7
200 88.8 320 42.8 850 46.8 380 50. 8 410 54,8
291 38.9 2L 42,9 35l 47.0 381 510 411 65,0
202 30.1 { 322 43,1 352 4.1 382 61.1 412 55,1
203 390.2 323 43.2 853 47.2 383 51,2 413 56.2
204 89.3 824 43. 4 364 4.4 | 884 51.4 414 65,4
205 39.5 325 43.5 355 . 4.5 ? 385 5.6 415 55.5
206 39.6 326 43.6 356 47. 6 ; 386 5.6 416 55.6
207 30.7 a7 43,8 as7 47.8 - 387 51.8 ! 417 55.8
208 89.9 328 43.9 358 47.9 ‘ 388 5.9 ; 418 ! 55.0 '
270 GRAVITY.
267 35.0 g 207 40.0 i 827 44,0 J 357 48.1 J 387 52.1
268 86.1 208 40.1 328 44.2 358 48,2 i 388 52.2
260 36,2 %209 . 40,8 320 44.3 869 48.8 ‘ 380 52,4
270 36.3 300 40.4 330 44,4 360 48,5 |i 300 52,5
271 88,5 301 40.5 331 44.6 361 48,6 i 301 52.6
272 36,6 302 40.7 832 4.7 362 48.7 302 52.8
278 36.7 303 40.8 333 44.8 363 48,90 303 62,0
274 86. 9 304 40.9 334 45.0 364 49.0 894 53.0
275 87.0 305 411 335 46,1 365 40.1 306 63,2
276 37.2 806 41,2 336 45.2 366 40,3 398 53.3
277 37.8 307 41.3 387 ‘ 45.4 867 40.4 397 53. 4
278 37. 4 308 41.5 838 45.5 368 40,6 308 53.6
279 37. 6 309 41,6 239 45,6 360 49.7 309 58.7
280 a7 310 41.7 340 45.8 370 40,8 400 53.0
281 37.8 31 41.9 341 45.9 371 49.9 401 54,0
282 38.0 312 42.0 342 46,0 372 50,1 402 54,1
288 88.1 313 42,1 343 46.2 873 50,2 408 54,8
284 88,2 314 42,8 344 46.3 37¢ 50.8 404 54,4
285 38.4 815 42.4 345 46.4 875 50.5 ‘ 406 54.5
286 38.5 318 42.5 348 46,6 376 50,6 406 54,7
287 38.6 817 42,7 347 46.7 377 50.7 ) 407 54.8
288 38.8 318 42,8 348 46.8 378 60.9 408 54,0
289 88,9 319 42,9 349 47.0 870 5L 0 400 55.1
200 30.0 820 43.1 350 47.1 380 51.2 410 65,2
201 80.2 821 48,2 361 47.3 381 i 51.8 411 55,3
202 89.8 322 43.8 352 47.4 382 i 51,4 412 55,6
208 39.4 328 43,5 858 47.6 383 51.6 413 55,8
204 89.6 324 48.6 354 4.7 384 51.7 414 65.7
205 39.7 3%5 43.7 355 47.8 385 51,8 415 55,9
208 39.9 326 48.0 856 47.9 386 62,0 | 416 56,0




.HE NATURAL HISTORY OF PETROLEUM.

TABLE OF COMPARATIVE WEIGHTS AND MEASURES OF OIL—Continued.
28° GRAVITY,

Pounds, | Gallons, || Pounds. | Gallons. || Pounds, | Gallons. || Pounds. | Gallons. || Pounds. | Gallons,
265 85,9 285 40.0 326 4.0 355 48,1 386 52.1
266 36,0 208 40,1 320 4.2 856 48,2 386 52.8
207 36,2 207 40,2 327 44.3 857 48.4 387 52.4
208 ' 86,3 208 40. 4 328 44,4 368 48,5 388 52,6
269 36.5 299 40,5 320 44.6 359 48.6 380 52,7
270 36.0 800 40. 6 330 44.7 360 48.8 300 52.8
271 86,7 301 40.8 331 44.8' 361 48,9 301 53,0
272 80,9 302 40.9 332 45,0 362 49,0 302 53,1
273 87.0 303 411 333 45.1 303 49.2 303 53,2
274 37.1 304 41,2 384 45,2 364 40,3 394 63.4
276 3.3 306 41.3 336 44,4 365 49.5 395 53,5
276 37,4 306 41.5 336 45. 6 360 49.0 300 63.6
217 37.6 307 41.6 337 45,7 307 40,7 897 53,8
278 37.7 308 41.7 : 388 45,8 308 49.9 308 53.9
279 37.8 809 41.9 | 239 45,9 309 60.0 399 54,1
280 37.9 310 42,0 ; 840 46.1 370 50,1 400 54,2
281 38,1 311 49.1 |l ML 46.2 371 60,3 401 54.3
282 38.2 312 42.3 | 342 46.3 872 50.4 402 5.6
283 88.4 313 42.4 ; 343 46.5 373 50. 5 403 4.6
284 38.5 314 42,5 f 344 40.6 874 50.7 404 54,7
285 98.6 415 42,7 |l 345 48.7 375 60,8 405 54.0
286 38.8 316 42,8 346 46,0 376 50.9 408 55.0
287 38.9 317 42.9 347 47.0 377 511 407 65.1
288 89.0 318 43.1 p 348 47.1 378 519 408 55.3
280 39, 2 819 48,2 j 340 47.3 370 61.3 400 65,4
290 39.8 320 43. 4 i 360 47,4 380 6l 5 410 55,5
201 B89, 4 321 48,6 | 351 4.6 381 5.6 411 - 55,7
292 30.6 322 43.6 352 47.7 382 51.8 412 55,8
208 30.7 323 48,8 ‘ 363 47.8 - 383 619 ' 418 56.0
294 39.8 324 43.9 [ 354 48.0 884 52.0 414 56,1

L
20° GRAVITY.
263 36.9 203 40.9 328 44,0 353 48.1 383 62.2
264 86,0 204 40.1 324 442 864 48,3 384 52.4
285 86,1 296 40.2 326 44,8 366 48.’1 385 526
260 36.8 208 40.4 826 44, b 360 48.5 388 52.6
267 36,4 207 40.5 827 44. 6 357 48,7 387 52,8
208 36.5 208 40,6 328 4,7 358 48.8 388 52. 9
200 86.7 209 40,8 820 44.0 350 49.0 380 53.0
270 86.8 300 40,9 330 46,0 360 49,1 300 58, 2
27 36.9 301 41.0 31 45,1 361 40.2 801 63.8
272 37.1 302 41,2 332 45.8 862 40. 4 392 68. 4
278 a7.2 303 41.8 333 45, 4 363 440.6 893 653.6
274" 7.4 804 4.5 834 45.5 364 49.0 04 58.17
275 81,5 306 41.6 83b 45,7 866 49.8 395 53.9
270 87,6 306 41,7 | 836 45. 8 366 49.9 306 B4.0
217 87.8 307 41,9 a7 45,9 867 80,0 307 64.1
278 37.9 308 42,0 . 888 46, 1 368 50,2 898 54.2
270 38.0 308 42,1 830 48.2 869 50.8 380 b4. 4
280 88,2 810 42,8 340 46,4 370 50,4 400 54,5
281 88.3 alL 42.4 341 46. 5 871 60,8 401 .7
282 88.5 312 42,5 842 46,6 372 50,7 402 54,8
283 38. 6 818 42,7 343 46.8 878 50.8 408 §4. 0
284 88,7 314 42,8 944 46.9 374 61.0 404 85,1
285 88.9 815 42,9 845 47.0 375 b1.1 406 55,2
286 30,0 316 48,1 340 . 47.2 a76 51.3 406 55.4
287 39.1 817 43.2 347 47.8 M 6L, 4 407 §5. 65
288 88,8 818 484 348 474 378 5L & 408 55,6
289 89.4 319 43.5 849 | 47.8 379 517 409 55.8
200 89.5 820 48,6 360 4.9 380 518 410 65.9
201 80.7 321 43,8 851 47.9 381 52,0 411 66.0
202 80.8 822 43.9 352 48.0 882 52.1 412 56. 2
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PRODUCTION OF PETROLEUM.

TABLE OF COMPARATIVE WEIGHTS AND MEASURES OF OIL—Continued.

30° GRAVITY.

Pounds, | Gallons. | Pounds. ’ Gallons, || Pounds. | Gallons, {| Pounds. | Gallona. || Pounds. | Gallons,
262 85,9 202 40.1 322 4.2 352 483 382 52. 4
263 36.1 203 40.2 23 4.3 853 48,4 383 52,5
264 | 62 204 | 403 e | s 854 | 48,6 384 | 6.7
265 6.4 295 40.5 325 44.6 356 48,7 885 52.8
266 36.5 206 40, 6 326 44,7 456 48.8 886 52,0
267 6.6 207 40.8 327 4.9 857 49,0 387 53.1
268 30.8 208 40,9 328 45.0 358 49,1 388 68,2
266 36,9 289 ! 41,0 329 45.1 350 48,8 389 63. 4
270 37.0 800 | 412 330 4.3 360 49.4 390 53, 5
271 37.2 301 41,8 331 45, 4 361 49.5 391 53,6
272 87.3 302 41.4 382 45,5 302 49,7 802 53.8
278 37.5 303 41. G 383 45.7 363 49.8 308 53,0
274 37.6 304 41,7 334 45.8 864 49.9 304 54,1
275 37.7 306 41,8 335 46,0 365 §60.1 305 64,2
276 37.9 306 42,0 336 48.1 868 60.2 396 54.3
277 38,0 307 42.1 337 46.2 367 50.3 397 8.5
278 8.1 308 42.3 338 46.4 368 59. 5 308 54.6
279 38.3 300 42.4 330 48.5 3688 §0.8 i 30D B4.7
280 38. 4 310 42.6 340 46.8 370 50. 8 400 54.9
281 38.8 311 42,7 841 46.8 871 50,9 401 66.0
282 38,7 312 42.8 342 46. 8 872 51.0 402 55,1
283 8.8 318 42,9 343 4.1 878 51.2 403 65,3
284 39.0 314 43.1 344 47.2 374 51.3 404 55.4
285 ‘8.1 315 48.2 345 47.3 375 51.4 405 66.6
286 20,2 318 43.3 340 41.5 876 51,8 406 56,7
287 30.4 317 43.5 347 47.6 377 517 407 55,8
288 30.5 318 43,6 348 41.7 378 51,9 408 56,0
289 80.7 319 43,8 . 349 47.9 879 52,0 409 b6.1
280 3. 8 320 43,9 350 48.0 380 52.1 410 56.2
291 30.6 } 321 44.0 351 48.2 381 52.8 411 56, 4

319 GRAVITY,
260 35.0 200 40.0 320 44,2 350 48,8 380 52.5
261 30.0 201 40.2 321 44,8 351 48.5 381 52.6
262 36.2 202 40,3 322 4.5 852 48. 6 382 52,7
203 36.3 | 203 40.4 323 4.6 853 48.7 ' 388 52,9
264 36.5 204 40. 6 ! 324 44,7 864 48,0 884 53.0
265 36.6 205 40,7 | 326 44,9 3566 49.0 885 53,2
266 36,7 208 40.9 826 45.0 356 49.2 386 53.8
287 36.0 207 41,0 327 45,2 387 49, 8 387 53.4
268 37.0 208 41.1 328 45.3 368 49, 4 888 63.6
269 371 i 200 4.3 329 45. 4 350 48.¢6 389 68,7
270 37.3 300 41. 4 330 45,6 860 49, 7 390 53.8
271 7.4 301 41.6 331 45,7 361 40.8 801 54.0
272 37.8 302 41.7 332 45.8 862 50,0 302 T b1
273 37.7 303 41,8 838 46,0 368 60,1 303 54.3
274 87.8 304 42,0 234 46,1 364 50. 3 894 64,4
276 38,0 805 42.1 836 40,3 365 | 50,4 8905 564.5
276 58,1 308 42.3 836 46.4 366 50. 6 396 54.7
277 28.2 307 42.4 337 46.5 367 50.7 8907 54.8
278 38.4 308 4.5 838 46,7 268 50.8 898 54,9
279 38.5 309 42.7 330 46,8 369 50,9 300 5b6. 1
280 38. 7 810 ! 42.8 340 46,9 370 511 400 55,2
281 38.8 311 42,9 341 47.1 371 51.2 401 55.4
282 38.9 312 43.1 342 47.2 are 51,4 402 65,5
283 39,1 318 43.2 343 47.4 373 5L56 403 56. 8
284 89.2 344 43. 4 344 47.5 374 5.8 404 65,8
285 30.8 815 43.5 345 47.6 375 518 405 56.9
286 89.5 818 48.6 346 47.8 376 51,9 408 66.1
287 80.6 317 48.8 347 47.9 317 52.1 407 56,2
288 30.8 818 438.9 348 48,0 878 52,9 408 56.3
289 80.9 819 44,0 349 48,2 370 52.3 409 56,5




THE NATURAL HISTORY OF PETROLEUM.

TABLE OF COMPARATIVE WEIGHTS AND MEASURES OF OIL--Continued.

" 320 GRAVITY.

Pounds. | Gallona. || Pounds. | Gallons. || Pounds. | Gallona. |} Pounds. { Gallons. || Pounds, | Gallons,
268 35.8 288 40.0 318 44,2 348 48.3 t 378 52,5
259 360 289 40.1 319 44.3 849 48.5 ! 379 62,6
260 36,1 200 40.8 820 4.5 350 48,6 || 380 52,8
261 36.8 201 40.4 321 44,6 351 48.8 381 52,9
262 86. 4 202 40.6 822 44,7 352 48,9 382 63.1
208 36. 6 208 40,7 a23 44,8 358 490.0 383 53.2
2064 36,7 304 40.8 324 45,0 354 49,2 384 53.8
265 36.8 295 41,0 825 45,1 365 49,3 385 63.5
266 36.9 206 41,1 326 45,3 4560 49. 4 380 53. 6
207 37.1 207 413 327 45,4 357 49.8 387 53.8
268 87.2 208 41,4 328 45. 6 358 49.7 388 53.9
269 37.4 299 41,5 329 45.7 259 49.9 389 5.0
270 37.5 300 417 330 45,8 360 50,0 380 54.2
271 87.6 301 41.8 831 48.0 361 50.1 301 54.3
272 37.8 802 42,0 332 46,1 862 50,8 302 64,6
273 a7.9 308 42,1 333 46,3 363 60. 4 303 54.6
274 88.1 304 42,9 834 46. 4 804 60.6 804 Bd. 7
276 38.2 305 42,4 335 46,5 305 50.7 305 64,9
278 88,3 306 42,5 836 46.7 366 - 50.8 398 56. 0
277 88.5 807 42,6 337 46. 8 367 51.0 897 55.1
278 88.6 808 42.8 838 47.0 308 5L.1 398 65.8
278 88.8 300 42,9 830 47.1 309 5L 8 809 56, 4
280 38.9 310 43,1 340 47,2 870 61,4 400 65,6
281 89.0 811 43.2 841 47.4 371 516 401 65.7
282 80.2 812 48.8 842 47.56 372 5L.7 402 55.8
288 39.8 313 43.5 3438 47.9 872 51.8 408 56.0
284 80.5 314 43.6 344 47.8 874 52,0 404 56.1
285 80.6 816 43.8 345 47.9 375 52,1 4056 50.3
280 80.7 316 43.8 346 48,1 8768 52.2 406 56.4
287 39.9 817 44.0 347 48.2 877 52,4 407 36. 5

93° GRAVITY,
257 86.9 287 40.1 817 4.8 847 48.5 877 52,9
258 36.1 288 40,8 218 44,5 848 48.6 878 52.8
259 86.2 289 40,4 319 44.8 849 48. 8 a79 53.0
260 36.8 290 40.5 320 44.7 360 48.9 880 581
201 38.5 201 40.7 321 44.9 BB1 40.1 881 53.8
262 6.6 202 40.8 322 46,0 862 49.2 882 53.4
268 86.8 203 410 828 45,2 8563 40.3 388 53.5
204 86.0 204 411 324 45. 8 864 49.5 384 B3.7
2656 87.0 205 41.2 326 45.4 856 49.8 385 53.8
200 87,2 208 41,4 826 45.6 356 49.8 886 54,0
267 87.3 207 4.5 327 45,7 857 49.9 a87 641
268 7.5 208 41.7 328 45.9 B58 60, 0 888 54,2
200 37.6 200 418 320 40.0 369 60. 2 380 54 4
270 3.7 800 41,9 330 40,1 800 50, 3 300 54.5
271 37.9 30L 42,1 831 46.8 861 B0. 5 801 54,7
272 38,0 802 42.2 832 40.4 302 60. G 302 54.8
273 88,2 308 42. 4 333 46.5 363 50.7 808 54.9
074 88.8 804 42.5 834 46,7 364 50,0 894 56,1
275 88.4 806 42.6 385 48.8 865 51.0 805 56.2
276 38.6 806 42.8 - 336 47.0 266 51,2 806 56, 4
271 88.7 807 42.9 837 47,1 367 51.8 807 | 55. 6
28 88.0 308 48.1 338 47,2 868 Bl 4 308 65. 6
279 30.0 809 43.2 330 47.4 809 51.6 809 55.8
280 89.1 810 43.8 840 41.5 370 51.7 400 55.9
281 80.3 811 48.5 841 47.7 371 51,9 401 66,1
282 80.4 812 43.0 842 47.8 372 52, 0 402 56.2
288 89,6 318 48.8 848 47.9 878 52.1 408 66.8
284 89.7 814 48,0 344 48.1 874 52.8 404 50.6
285 . 80.8 315 44.0 845 48.2 376 0 52,4 405 58. 6
286 40.0 316 44.2 846 48,4 878 52,6 406 56.8
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PRODUCTION OF PETROLEUM.

TABLE OF COMPARATIVE WEIGHTS AND MEASURES OF OIL—Continued.
349 GRAVITY.

Pounds. | Gallons. || Pounds. | Gallona. || Pounds, | Gallons. || Pounds. | Gallons. || Pounds. | Gallons.
266 36,8 285 40.1 816 44.8 345 48.5 375 52.7
256 86.0 286 40.2 316 44, 4 346 48.7 378 52,9
257 36,1 287 40.4 317 4.6 . 347 48,8 377 53.0
258 36.3 269 40,5 318 44,7 348 49.0 378 58,2
259 36. 4 289 40.6 319 44,9 349 40.1 379 53.3
260 86,6 200 40. 8 320 45.0 350 49.2 380 63.4
261 36.9 291 40.9 321 45,1 851 49,4 381 53.6
262 36.8 202 41,1 322 45.8 852 44, 5 382 53.7
268 37.0 203 41.2 323 45.4 353 49,6 383 53.9
264 3.1 204 41,3 824 45.6 854 40.8 384 54,0
265 37.8 205 41.5 326 45.7 855 40.9 385 54,1
266 3.4 206 41.6 326 46.8 356 50,1 386 54.8
267 37.6 207 4.8 827 48. 0 357 50. 2 387 54. 4
268 37.7 208 41,9 328 46.1 368 50, 4 388 54,8
269 37.8 209 42.1 320 46,8 359 50,5 380 6.7
270 38,0 300 42,2 330 40.4 360 50. 6 390 649
211 38.1 801 42.8 831 46.6 361 50. 8 801 56,0
272 88.2 302 42.5 332 46,7 862 50,9 892 65,1
273 38.4 303 42.6 338 46.8 363 61.1 303 55.8
274 38.5 804 42.8 834 47.0 364 5L.2 304 65,4
275 38.7 305 42.9 336 4.1 365 51.8 3086 55, 6
276 38.8 308 43.0 336 47.8 366 515 896 66,7

tam 8.8 307 43.2 - 887 47. 4 367 51,6 307 56, 8
278 89.1 308 43.3 338 4.5 808 51.8 898 56,0
279 30. 2 308 43.5 339 4.7 369 61,9 399 66,1
280 89.4 310 43.8 840 47. 8 870 52,0 400 66,8
281 89.5 811 48.7 341 48,0 371 52,2 401 56,4
282 39.7 312 43.9 342 48.1 372 52,8 402 56, 5

' 288 39.8 318 440 3438 48.2 a3 52,5 403 66.7
284 30.9 314 44,2 344 48.4 374 52.6 404 56,8

860 GRAVITY.
254 * 36,9 284 40,2 314 44.4 844 48,7 374 52.9

255 86,1 285 40. 8 315 44.6 345 48.8 875 53,1
266 86,2 280 40.5 816 4.7 846 49.0 876 53.2
257 36.4 287 40,6 317 44,9 347 49,1 a7 53,4
268 36.5 288 40.8 818 46,0 848 49,2 878 58,5
289 86.6 289 40. 8 310 45,1 349 49,4 a7 63.6
260 36,8 200 41,0 820 45,8 350 49.6 880 53,8
261 36.9 261 41,2 821 45, 4 851 49,7 881 53,9
262 87,1 202 41,3 322 46.6 862 49,8 882 54,1
263 37.2 208 41,5 328 46.7 853 50.0 283 54,2
264 87. 4 204 - 41,6 824 46,9 354 50,1 284 54.4
2685 37.5 206 41,7 325 46,0 865 60,2 886 54,5
266 ‘37,8 206 41,9 326 40,1 256 60, 4 880 54,6
267 37.8 207 42.0 827 46.8 357 50,5 287 54.8
208 37.9 208 42.2 828 46.4 368 50.7 888 54,9
269 38.1 290 42,8 829 46,6 350 50,8 880 55,1
270 35,2 300 42,5 30 46.7 860 50.9 300 55.2
271 88.4 301 42,6 831 40.8 361 51.1 301 55.8
272 38.5 302 42,7 832 47.0 462 51,2 802 55,5
273 388 303 42.9 333 47.1 363 61,4 393 56,6
274 38,8 304 48.0 334 47.8 364 51,5 304 55,8
275 38,8 305 43.2 336 47.4 365 61.7 395 65, 9
276 89,1 306 43. 8 336 47.8 360 51,8 306 56,0
277 30.2 307 48.4 387 47.7 867 51.9 a97 56.2
278 9.3 308 43.6 388 47,8 368 62,1 308 66, 8
278 80.5 309 48.7 339 48,0 369 52,2 890 56.5
280 30.6 310 48, ¢ 340 48.1 a70 52.4 400 56.6
281 30.8 311 44,0 841 48,3 a71 52,5 401 | 66,7
282 35.9 812 44.1 342 48.4 372 62.6 402 506.9
283 40.1 313 44,8 848 48,56 378 62.8 408 ‘57,0




THE NATURAL HISTORY OF PETROLEUM.

TABLE OF COMPARATIVE WEIGHTS AND MEASURES OF OTL~—Continued.

400 GRAVITY,

Pounds. | Gallons. {| Pounds. | Gallons. || Pounds | (xallons, || Pounds, | Gallons, 1[ Pounds. | Gallons.
248 35.9 276 40, 2 806 44. 0 830 49.0 368 53.4
247 86.0 a1 40. 4 307 44.8 387 40.1 367 68, 6
248 30.2 278 40,5 808 44.9 338 49.3 | 368 53,7
249 36.3 27 40.7 309 45.0 839 49.4 360 3.8
250 36,5 280 40.8 810 45.2 340 49. 6 370 53,0
251 36,6 281 41.0 811 45.3 341 49.7 871 54,1
262 36.7 282 411 812 45,5 842 49,9 872 54.2
253 36,9 283 41.3 813 45,6 343 50,0 ‘ 378 64.4
254 87.0 284 4.4 814 45.8 Bdd 50.1 | 374 G4, 5
266 8.2 285 41.6 815 45.9 845 60,3 875 54.7
256 37.38 286 - 4LT 816 48.1 346 50,4 876 64.8
257 .5 287 4.8 817 46.2 347 50.6 377 65, 0
258 87,6 288 42,0 318 46, 4 848 50.7 ¢ 318 65.1
250 7.8 280 42,1 310 40.6 349 50,9 ] 379 65,2
260 87.9 260 42,3 320 40,7 850 6Ly 880 66, 4
261 38.1 201 42.4 821 46.8 351 51.2 381 65,5
262 38.2 .202 42,6 822 46.9 352 51,8 382 85.7
263 38,4 203 42,7 323 .1 863 51.§ 383 65. 8
264 38,5 204 42,9 324 i7.2 354 5L.G 384 56.0
265 38,6 205 43.0 826 - 47. 4 855 61.8 385 56,1
206 28,8 200 . 48.2 320 47,5 356 6.9 386 56,3
267 38,9 207 43,3 827 4.7 357 62.0 887 56,4
268 30,1 208 48.5 328 47.8 358 52.2 388 66, 8
260 89.2 200 43,8 328 48,0 350 52,8 389 66,7
270 9. 4 800 43,7 830 48.1 360 52,5 300 56,0
271 89.5 301 43,9 331 48.8 861 62.0 801 67.0
272 39,7 802 4.0 332 48.4 362 62.8 302 57.1
278 39,8 803 4.2 838 48.56 303 52.9 303 67.8
274 80,9 304 4.3 884 48,7 364 53.1 804 57.4
275 40. 1 805 4.5 385 48.8 285 68,2 305 b7.6

43° GRAVITY.
249 35.9 272 40,4 302 a8 | s 40.3 862 53.7
248 361" 213 40,5 308 45,0 338 40. 4 363 53.9
244 | ss.2 274 40,6 304 45,1 834 48.5 304 54,0
245 36.3 275 40.8 305 46.2 335 40.7 865 54,1
246 30,5 276 40,9 300 46, 4 336 40,8 3066 54,8
247 36.6 n 41,1 307 ‘45,5 i 837 6. 0 367 544
248 36.8 278 | 4,2 808 46.7 | 838 50,1 368 54,6
249 36,9 279 4L.4 809 45.8 889 60,3 3060 5.7
260 37,1 280 415 810 460 | 340 50, 4 870 64,0
261 8.2 281 41,7 811 46,1 341 60, § 871 65,0
252 37,4 282 41.8 812 46.3 342 80,7 72 65, 2
268 37,5 283 42,0 313 46,4 | 343 50.0 i 478 66,3
254 a7.7 284 42,1 814 48.0 4 344 SLO | 374 56,8
255 3.8 285 42.8 316 40.7 | 845 5L 2 i 876 | 66, 8
250 8.0 288 42. 4 316 46,9 | 346 51,3 I 876 | 5658
257 3.1 287 42.6 37 47.0 847 51.5 317 | 559
268 883 288 42.7 318 47.2 848 L6 | §78 66. 1
250 8.4 280 42,0 810 47.3 349 51.8 | 879 56, 2
260 8.6 200 43.0 820 47.5 850 61.9 80 56.4
261 88.7 - 201 48.2 821 47.6 351 52,1 381 56. 6
202 38,9 202 43.3 322 47.8 352 62,2 382 56,7
263 89.0 208 43.5 823 47.9 368 62.4 383 56.8
264 30.2 204 43.6 34 48.1 354 i 484 67. 0
265 89,8 295 43.8 825 48,2 355 62.7 885 67.1
266 89,5 206 43,9 320 48.4 850 52.8 386 67,8
267 80.8 207 44,1 327 48,5 857 53.0 387 57.4 .
268 59.8 208 44.2 | 828 487 858 63.1 g8 57.6
269 80.9 209 4.4 829 48,8 859 63.3 380 67.7
270 40.1 800 4.5 330 49.0 860 53.4 360 67.90
271 40.2 801 4.1 831 40,1 861 53,6 891 58.0
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128 PRODUCTION OF PETROLEUM.

TABLE OF COMPARATIVE WEIGHTS AND MEASURES OT OIL—Continued.
44° GRAVITY, ’

Pounds. ; Gallons, || Pounds. l Gollons. || Pounds, ’ Gallons. ! Pounds. | Gallons, || Pounds. | Gallons,
H .

. 240 85, 8 270 40.2 300 ’ 4.7 { 330 49,2 300 53.7
241 35.0 211 40, 4 301 44.9 i 831 49,3 361 53. 8
242 36.1 272 40.5 302 45,0 | 332 49.5 862 54,0
243 86.2 oM 40.7 303 45,2 333 49. 6 363 54,1
244 36, 4 214 40.8 || 304 ' 45,8 ’ 334 40,8 304 54,3
245 36,5 276 41.0 l 305 l 45.5 ‘ 3356 40,9 365 54. 4
248 36,7 o6 | 411 | m06 | 456 || 336 50.1 308 54.6
247 30.8 277 4.8 | 8ot 45,8 I 887 50.2 367 54.7
248 7.0 278 41.4 808 450 1| 308 50. 4 368 54.9
249 3.1 279 41.¢ 309 40.1 330 60.5 360 55. 0
250 37.3 280 41.7 310 40.2 840 60.7 370 65, 2
261 37.4 281 41. 6 811 40.4 341 50. 8 371 55, 3
262 37.6 282 42.0 312 46.6 342 61.8 372 55.5
253 3.7 283 42,2 318 40,7 343 51.1 373 55,6
254 7.9 284 42.3 814 46,8 844 51.3 374 55.8
255 38.0 285 42.5 815 47.0 345 51,4 375 55.9
2566 38,2 286 42,8 316 47.1 346 61.0 376 56.0
257 38,8 287 42.7 a7 47.3 847 517 377 56,2
258 88.5 288 42.9 318 47.4 348 51.9 378 56.38
259 88.8 280 43,1 319 47.8 349 62.0 379 66,5
260 38.8 290 43.2 320 47.7 850 52.2 380 56.6
261 38.9 201 43.4 - 821 47,9 351 52.3 381 56.8
262 80.1 292 43.5 322 48.0 352 52.5 382 56, 8
263 30.2 293 43,7 323 48.2 353 5.6 388 57.1
264 39.4 294 43.8 324 48.3 354 52.8 384 57.2
265 39.5 205 4.9 325 48,5 366 62,9 385 87,4
266 30,6 296 44.1 320 48.6 350 53.1 386 51.5
207 30.8 297 44.3 |t 327 48.7 357 53,2 387 57,7
208 30.0 208 44.4 828 48.9 358 53. 4 488 87.8
209 40. 1 200 4.8 329 40,0 359 63,5 . 380 58.0

45° GRAVITY,
240 86.0 270 40.5 800 45.0 830 49,6 860 54.0
241 86.2 271 40.7 301 45,2 381 40.7 361 54,2
242 36.3 272 40.8 302 45,3 332 49.8 362 64,8
243 86.6 278 41,0 303 45.5 333 50. 0 363 54.5
244 36.6 274 411 304’ 45. 6 834 60,1 364 64,6
245 36,8 275 41.3 805 45.8 335 50.3 365 54.8
246 36.9 276 41, 4 808 45,9 336 50, 4 366 - 54.9
247 87.1 277 41,0 307 46,1 837 50.6 387 65,1
248 37.2 278 41.7 808 46.2 838 50.7 368 55.2
249 87.4 279 41,8 800 46.4 330 50,9 369 55.4
280 87.5 280 42,0 310 46,5 240 5L.0 870 56,5
251 87.7 281 42,2 0 811 46,7 341 51.2 871 65.7
252 37.8 1 282 42,3 312 46,8 842 61.38 372 55,8
263 88,0 283 | 426 313 47,0 343 5L & 373 66,0
254 88.1 234 42,8 814 47.1 844 51. 6 874 56.1
255 88.3 286 42,8 816 47.3 345 51.8 376 56,3
256 98,4 , 286 42,9 316 47. 4 346 51.9 378 66.4
267 38.6 287 43. 1 817 47.6 847 52,1 877 56.6
268 38.9 288 43.2 318 47.7 848 52.2 § 878 86.7
259 28.9 289 48. 4 319 47.9 340 52. 4 378 56.9
280 39,0 280 48,6 | 820 48,0 850 62.5 880 87.0
201 89.2 201 43,7 321 48.2 351 52.7 381 67.2
262 80.3 202 43,8 322 48.3 362 52,8 |; 982 57.8
263 89.5 203 44.0 828 48,6 853 53.0 883 .87.6
264 30.6 204 44.1 324 48.8 854 53.1 384 67.6
265 89.8 205 44.8 325 48.8 3565 | 63.8 385 67.8 '
266 890.0 200 4.4 826 48.9 850 63. 4 886 67.9
267 40,1 297 44.6 827 4.1 857 N 887 58,1
268 40.2 298 44.7 328 40.2 358 53.7 388 | b58.2
260 40,4 209 44.9 320 49.4 869 63,0 389 58.4




VoL, IX—9

THE NATURAL HISTORY OF PETROLEUM.

TABLE OF COMPARATIVE WEIGHTS AND MEASURES OF OIL—Centinued.

46° GRAVITY,
|
Pounds. | Gallona. || Pounds. | Gallons, || Pounds. i Gallons, i| Pounds. | Gallons. | Pounds. | Gallons.
N 1
238 36,0 268 40. 4 2088 45,0 328 49.5 358 54.0
239 36.1 269 40.6 209 45,1 320 4.7 350 54,2
240 36,2 270 40.7 300 45,8 330 49.8 380 54.3
241 36,4 271 40,9 301 45. 4 331 50.0 361 5.5
242 36,6 212 41.0 302 45.6 332 50.1 362 54,6
243 36,7 278 412 303 ‘45,7 233 50.3 363 54.8
244 36.8 274 41,3 304 45,9 ! 334 50. 4 364 54.9
245 37.0 275 41,5 305 46,0 8856 50.6 365 55,1
240 7.1 276 41.7 306 46,2 a36 60.7 366 55, 2
247 37,8 277 41, 8 307 46.3 a87 50.9 aa7 55.4
248 37. 4 278 42.0 308 46. 5 a38 51.0 368 55,5
249 97. 6 278 42,1 308 46.0 339 51.2 360 65,7
250 87.7 280 42.8 310 46,8 340 51.3 370 35.8
251 37.9 281 42. 4 311 46,9 841 51.5 371 56,0
252 38.0 282 42,6 312 47.1 342 51.6 372 58.1
253 38.2 283 42.7 313 47.2 343 51.8 313 56,3
254 88.8 284 42,9 314 47.4 3dd 51.9 374 56.4
2556 88,6 285 43.0 315 41.5 345 52,1 375 56,6
266 38.6 286 43.2 316 47.7 346 52,2 376 56.9
257 38.8 287 43.8 317 |, 478 347 52.4 377 56.9
258 88.9 288 43. 5 318 48,0 348 52,5 378 67.0
250 30.1 280 43. 6 319 48.1 349 52.7 379 57.2
200 30.2 200 48,8 820 48.3 350 52.8 380 57.8
201 89.4 281 43,9 321 48.4 351 53.0 381 57.5
262 89.5 202 44,1 322 48.6 352 63,1 882 B7.6
263 80.7 203 44.2 323 48.7 a53 53,8 383 57.8
264 39.8 204 44.4 324 48.0 854 53.4 384 57.9
265 40,0 295 44,5 826 49,1 355 63.8 385 58.1
266 40,1 296 44.7 328 49, 2 356 53,7 386 58.8
267 40,3 207 44.8 827 49,4 357 53.9 387 58. 4
470 GRAVITY.

236 85,8 266 40,4 206 44,9 326 49,5 356 54,0
2837 86,0 207 40. 5 207 45,1 327 49.6 357 54.1
238 36.1 268 40,7 208 45,2 328 49,8 358 54.8
289 36.8 269 40.8 200 45,4 329 49,9 359 54. 6
240 86. 4 270 4.0 300 45.5 330 50,1 360 54.8
241 36,6 271 4L 1 301 45.7 331 50,2 381 54.8
242 36.7 272 41. 3 302 45.8 332 50,4 362 54.9
243 36,9 278 41,4 303 46.0 333 50,6 363 53.1 ;
244 37.0 274 41.6 304 46,1 334 50,7 364 56.2 |
245 37.2 275 41. 7 306 46.3 335 50,8 805 55.4 |
246 87.3 276 41.9 308 46. 4 336 51.0 366 65.6
247 7.6 217 42,0 307 46.8 337 51,1 367 65,7
248 87.6 278 42,2 308 46.7 338 61.3 3688 65.8
249 378 270 42,4 309 44.9 339 5L.5 369 66.0
2560 38.0 280 42.5 310 47.1 340 51,6 370 56. 2
261 381 281 42.7 311 47.2 341 561.8 371 56,8
262 38,3 282 42.8 812 47.4 342 519 372 56.5
253 88.4 283 43,0 313 4.5 843 52,1 373 56,6
264 38,6 284 43,1 a4 4.7 344 52,2 374 56.8
256 38,7 285 8.8 316 47.8 345 52,4 375 56.9
266 88,9 286 43,4 316 48.0 346 52,5 376 57.1
267 89,0 287 43.6 317 8.1 847 52,7 377 57,2
268 30,2 288 43,7 8 48.8 348 52.8 318 57,4
250 30.3 289 43.9 318 48.4 349 53.0 379 57,5
260 30.5 200 44.0 326 48.8 360 63.1 380 b7.7
261 89.8 91 |, 442 821 48.7 351 53.9 381 57.8

- 262 39,8 292 44,3 322 48.9 852 53.4 382 58.0
263 80,9 203 4.5 323 46,0 353 53. 5 383 58.1
264 40.1 204 44,6 324 40.2 354 53,7 384 58.8

. 265 40.2 205 44.8 325 49.8 355 B3.9 385 58.4
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PRODUCTION OF PETROLEUM.

TABLE OF COMPARATIVE WEIGHTS AND MEASURES OF OIL—Continued.
500 GRAVITY.

]
Pounds.

Pounds. | Gallons. || Pounds. | Gallons, Gallons. || Pounds. | Gallons. || Pounda, | Gallena.
234 36,1 264 40.8 204 45,4 324 50. 0 354 54, 6
235 36.3 265 40.9 205 45.5 3256 50. 2 865 54. 8
236 80,4 266 41,1 296 45.7 326 50,8 856 55. 0
237 36.6 © 267 41,2 207 45.8 327 50. 5 357 55,1
238 86.7 268 41. 4 | 208 40. 0 328 50, 6 358 55. 3

- 289 36,9 269 41,5 269 46.2 329 50. 8 - 850 55. 4
240 37.0 270 41.7 800 46,3 330 50.9 360 56, 6
241 87.2 271 41,8 301 40.5 381 511 361 86. 7
242 37.4 272 42.0 302 46.6 332 5.2 362 55. 9
243 37.5 273 42.1 303 46,8 338 514 303 56,0
244 3T 214 42.3 304 46,9 334 5L 6 364 56, 2
245 87.8 275 42. 4 305 47.1 335 51.7 365 56. 3
246 38,0 276 42. 6 306 47.2 336 51,9 866 56. 6
247 38.1 217 42.8 307 47. 4 337 52.0 867 56. 6
248 88.3 278 42,9 308 47.5 338 52,2 368 56. 8
249 38. 4 279 43.1 309 49,7 339 52.8 369 57.0
250 38.6 280 43,2 810 47.8 340 525 870 57,1
251 38.7 281 43.4 311 48,0 341° 52. 6 371 57.8
252 88,9 282 43.6 312 48.2 342 52.8 372 57.4
258 30.1 283 43,7 313 48.8 343 52,9 873 57.6
954 39,2 284 48.8 314 48,6 844 63,1 874 67.7
255 30, 4 285 44,0 315 48,6 345 53,2 375 57.9
260 30.5 280 44.2 316 48.8 346 53.4 376 58.0
257 39,7 287 44.8 317 48,9 347 53,6 877 58,2
258 30.8 288 44.5 318 40,1 348 53.7 378 58.3
2590 40,0 289 44.8 319 40.2 349 53.9 379 58. 8
260 40,1 290 44.8 820 49,4 850 54.0 880 68.7
261 40.3 291 44.9 321 49.5 851 54.2 381 58.8
262 40.4 282 45.1 322 40.7 362 54.3 382 50,0
263 40, 6 203 45, 2 823 1409 853 54.5 383 59.1
60° GRAVITY.
220 86.8 250 40.7 280 46,6 810 50.5 840 55. 4
221 36.0 251 40.9. 281 45,8 311 50,7 341 55.6
222 36.1 252 41,1 282 45,9 812 50.8 342 55,7
223 80.8 253 41.2 283 40,1 313 51.0 343 55.9
224 38.56 264 414 284 46,3 314 81.2 344 56.0
225 86.6 255 41. 6 285 46, 4 . 816 51,3 845 56.2
220 86.8 256 4.7 280 40,6 816 51,5 346 56, 4
227 37.0 257 41, 9 287 46. 8 317 51.0 347 56.5
228 87.1 268 42,0 288 46.9 318 51.8 248 50.7
229 87.8 250 1422 289 47,1 810 52.0 340 56. 9
280 87.5 260 42.4 290, 47,2 320 52,1 850 57.0
231 37.6 261 42,6 201 47. 4 821 52,3 351 57.2
232 37.8 262 42,7 202 47.6 822 52.4 852 57.8
233 88.0 208 42,8 203 47.7 323 52,6 858 57.5
234 88.1 264 43.0 204 47,9 324 52.8 364 5.7
236 88.8 265 43. 2 295 48,1 825 52.9 365 57.8
236 88.5 266 43.3 206 48,2 326 58,1 856 58.0
287 38.6 207 43.5 207 48.4 327 53.3 357 68.2
238 -98.8 268 43.7 208 48,5 328 53.4 358 58,8
239 38,9 260 48,8 200 48,7 329 53,6 859 58, 5
240 ‘80,1 270 44.0 300 48,9 330 53.8" 360 68. 68
241 80.3 271 44.1 301 49.0 881 53.9 361 58.8
242, 30.4 2% 44. 3 302 49,2 832 54,1 862 50.0
243 80.6 ff' 278 4.5 303 40. 4 333 54.3 363 59.1
244 80.8 274 44.6 304 49,5 834 54.4 364 59.3
245 80,9 276 44. 8 806 49.7 835 54.6 365 59, 6
246 40,1 276 46.0 308 40.9 336 54.7 368 59.6
247 40,2 211 45,1 307 50.0 837 654.9 867 50. 8
‘248 40.4 278 45,3 308 50.2 838 55.1 368 59.9
249 40. 6 278 45 5 309 50.3 330 55,2 369 80,1




THE NATURAL HISTORY OF PETROLEUM.

TABLE OF COMPARATIVE WEIGHTS AND MEASURES OF OIL-—~Continued,
830 GRAVITY, '

TPounds, | Gallons, || Pounds. | Gallons, || Pounds. | Gallons, || Pounds. | Gallons. | Pounds. | Gallona.
217 35,9 247 40.9 271 46,8 807 50, 8 837 55.8
218 80,1 248 41.0 278 46,0 308 5L 0 338 55.9
219 36.2 249 41.2 279 40.2 309 51,1 330 56,1

o220 36.4 250 41.4 280 46,3 810 51.3 . 340 56,3
221 36.6 251 415 281 46. 5 311 5L.5 841 56.4
222 36.7 252 4L.7 282 46.7 812 51.6 342 §6.6
223 86,90 253 41.9 283 46,8 318 5.8 343 60. 8
224 37,1 254 42,0 284 47,0 314 52,0 344 56.9
225 37,2 256 42,2 285 47.2 315 52,1 346 B7.1
220 87,4 2506 42.4 286 47.3 316 52,8 346 57.3

, 227 7.6 257 42.5 287 4.5 317 52. b 347 7.4
228 3.7 268 42,7 288 47.7 318 B2. 6 348 B7.6
220 87.9 259 42.0 289 47.8 319 52,8 349 57.8
280 38,1 260 48.0 200 48.0 320 53.0 850 b1.9
281 38,2 261 48.2 201 48.2 32L 53.1 351 58,1
232 88.4 262 43.4 202 48.38 322 53.3 352 58,8
288 88.6 263 43.5 208 48,5 328 53. 6 353 58, 4
234 38,7 204 48.7 204 48,7 324 53.8 354 58.6
285 38.0 206 43.9 205 48.8 325 63. 8 855 58,8
236 80.1 266 44.0 206 490.0 326 b4. 0 366 58,9
237 30.2 267 44,2 207 49,2 327 54,1 357 50,1
238 89,4 208 44.4 298 49,3 828 54.3 858 59,2
289 89.6 200 44.5 200 49,5 328 54.5 360 50, 4
240 89.7 270 44.7 300 40,7 330 54. 6 360 50.6
241 80.9 271 44.9 801 49,8 as1 54,8 361 59,8
242 40,1 272 456.0 302 50,0 332 54. 9 362 5.9
248 40.2 278 45,2 208 50.2 833 56. 1 363 60,1
244 40.4 74 45.8 804 50.3 334 55.8 304 60, 2
245 40.8 275 45.5 3056 50.5 ’ 385 65, 4 365 60,4
246 40.7 276 45,7 806 50.7 336 3 55. 6 306 60, 6

05 GRAVITY.

214 85.8 244 40.8 274 45.8 304 50. 8 884 55,0
216 36,0 245 41,0 275 46,0 305 5.0 335 56.0
216 86,1 246 41,1 276 46. 1 306 51.2 336 56,2
217 36,3 247 41.3 277 46,8 307 51.8 337 66,4
218 36.5 248 4.6 278 46,5 308 51.6 338 56,5
210 36.6 249 41,8 279 46. 6 300 51.7 330 58.7
220 36,8 250 41,8 280 46.8 310 51.8 340 56,9
221 37,0 251 42.0 281 47,0 811 52,0 341 67,0
222 87.1 252 42.1 282 47,2 312 52.2 842 67,2
228 87.8 258 42,8 283 47.3 313 52,38 343 57,4
224 37.5 254 42. 5 284 47.5 314 52. 5 344 87. 56
226 37.8 255 42,6 285 1.1 316 52.7 345 67.7
226 37.8 256 42,8 286 47.8 816 52.8 346 67.0
227 38,0 257 43.0 287 48,0 a7 58. 0 347 68.0
228 88,1 258 43.1 288 48.2 318 53.2 348 68,2
229 38,3 259 48,8 289 48,3 319 53,3 349 68.4
230 38,6 200 43.5 200 48,56 320 53,5 360 58,5
231, 38,6 201 43.6 201 487 891 53.7 351 58.7
232 88.8 262 48,8 202 48.8 322 53.8 » 852 58.9
238 39.0 263 44.0 203 48,0 328 54,0 853 69,0
234 39,1 2064 44,1 204 40,2 324 - 54.2 b4 59. 2
235 30.3 265 44.3 206 49,3 325 54.8 355 69,4
286 30,5 206 4.5 200 49,5 326 54,5 356 59,6
287 89,6 207 44.0 297 49,7 327 54,7 a57 69.7
238 30.8 208 44,8 208 49.8 328 54,8 358 50.9
239 40.0 269 45,0 280 50. 0 320 65.0 850 0.0
240 40.1 270 45,1 300 a0, 2 330 55, 2 360 60.2
241 40.8 271 45.8 801 60,3 881 65. 4 361 60,4
242 40.6 272 45.5 302 50.5 332 5%. 6 362 0.5
243 40,6 273 45,6 308 50,7 333 55.7 368 60.7
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132 ; PRODUCTION OF PETROLEUM.

TABLLE OF COMPARATIVE WEIGHTS AND MEASURES OF OIL—Continued.
) 700 GRAVITY. ‘

Pounds. | Gallons, | Pounds, | Gallons. | Pounds, | Gallons. || Pounds. | Gallons. || Pounds. | Gallons.
210 36.0 240 41.2 270 46.3 300 51.4 330 56.6
211 86.2 241 41.3 271 46.5 301 51. 6 381 56.8
212 36,4 242 41.5 272 46. 8 302 51. 8 332 56,9
213 38.5 243 41.7 2713 46.8 303 62,0 383 57.1

214 86.7 244 41.9 274 47.0 304 62.1 ‘334 57.8
215 6.9 245 42.0 275 47.2 306 62, 8 335 57.4
216 37.1 246 42.2 276 47.3 306 52.6 386 | 5.6
217 37.2 247 42.4 27 |, 4.6 307 52.6 337 57.8
218 37.4 248 42,5 278 7.9 308 52,8 338 58,0
219 37.6 . 249 42.7 279 47.8 309 53.0 339 58,1

! 220 87.7 250 42.9 280 48.0 810 58.2 340 58.3
221 37.9 261 43.0 281 48,2 311 53,8 341 58. 5
222 88.1 252 43.2 282 48,4 312 63.6 342 58,6
223 88.2 258 48.4 283 48.5 813 63.7 843 58.8
224 38.4 254 43.6 284 48,7 314 58. 9 344 59,0
2256 88.8 265 43.7 285 48.9 316 54,0 845 69.2
226 88.8 258 43.9 286 49.1 316 b4. 2 348 59.3
227 38,9 257 44.1 287 40.2 817 54, 4 847 8.5 |°*
228 89,1 268 44,2 288 40. 4 818 54. 6 848 69.7
229 8.8 259 44.4 289 49.8 319 54.7 349 69. 8
230 30.4 260 44.6 290 49,7 820 54.9 350 60.0
231 89.6 261 44.8 201 49,9 821 65,0 851 60,2
282 30.8 262 44.9 202 50.1 382 56, 2 362 60,4
283 | 40.0 268 46.1 203 50.2 - 828 55.4 363 60.5
234 40.1 264 45.8 204 650.4 || 324 . 55, 6 364 60.7
236 40,8 265 46.5 205 50.6 325 b5, 7 355 60.9
236 40.5 260 45. 6 206 50.8 826 65. 9 856 61.0
237 40.6 207 45.8, 207 50.9 827 56, 1 367 61. 2
238 40,8 268 . 46.0 208 51.1 328 506, 2 358 61.4
239 410 260 46,1 200 51.38 320 66. 4 368 616

85° GRAVITY.

195 36,0 I 225 41. 5 255 47.0 285 52,5 . 816 68,1
106 86,1 226 41,7 256 7.2 | 288 52.9 316 58,8
187 6.3 227 41,9 257 47. 4 287 52.9 817 B8.4 |
108 36,5 . 228 42.0 258 47.8 288 53.1 818 58.6
199 86. 7 229 42,2 250 47.8 288 53,3 319 58.8
200 86.9 230 42, 4 260 47,9 200 53.5 320 59,0
201 87.1 281 42. 8 261 48,1 201 8. 6 821 59,2
202 87.2 232 42.8 262 48,3 202 53.8 322 50, 4 ,
203 7.4 288 .| - 48.0 268 48,5 203 54.0 323 59.6
204 37.6 234 43.1 264 48.7 204 54,2 324 69.7

-205 -87.8 286 43.3 285 48,9 205 54.4 825 59.9
206 '38.0 286 48.5 266 49,0 296 54.6 326 60,1
207 88.2 237 48,7 267 49,2 207 54.8 827 | . 60.8
208 38.4 288 43.9 268 49,4 208 54,0 328 60. 5
209 38,6 239 44,1 269 49.8 200 55.1 829 60,7
210 88,7 240 44,2 270 49,8 800 §5.3 330 60.8
211 38.9 241 44. 4 271 50,0 301 55,5 831 610
212 30,1 242 44. 6 272 60,1 302 56.7 332 61.2
213 30,3 I 248 44,8 278 80,8 808 56.9 333 6l. 4
214 30.5 || 244 45. 0 274 60,5 304 50.1 334 6L.6
215 39.6 245" 45,2 275 50.7 305 &6, 2 335 61.8
216 39,8 248 45, 4 276 50,9 306 50. 4 436 62,0
217 40,0 247 45,5 297 511 307 56.6 387 62.1
218 40.2 248 46,7 278 51.3 308 56,8 388 | 62,3
219 40, 4 240 45. 9 279 bL 4 809 57.0 330 82,5
220 40,6 250 46,1 280 61.6 310 67,2 840 62.7
221 40.7 251 46. 8 281 61,8 311 57.8 341 62,9
229 40,9 252 46.5 282 652.0 312 6.5 || 342 63.1
228 41.1 253 46,6 283 52.2 318 - 67.7 343 3.2
224 41,8 254 46. 8 284 52,4 i 314 67.9 |i* 844 63.4
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TABLE QF THE SPECIFIC GRAVITY CORRESPONDING TO EACH DEGREE OF BAUMIS HYDROMETER; ALSO, THE
. )

NUMBER OF FPOUNDS CONTAINED IN ONE UNITED STATES GALLON AT 60° F.

Beme. | gl | enton, | Panmt. | BT | R
Deg. Dey. Pounds. Deg. Deg. Pounds.
10 1. 0000 8,83 43 ° | 0.8082 8, 74
11 0. 9928 8,27 44 0, 8045 6.70 7
12 0. 9859 8,21 45 9. 8000 6. 08
13 0. 9790 8.16 46 0. 7054 6, 63
14 0. 9722 8,10 47 0. 7900 6. 59
15 0. 9665 8. 04 48 0. 7805 6. 55
16 0. 9580 7.00 40 0,7821 6. 52
17 0. 9528 7,93 50 0. 7777 6.48
18 0. 9459 7. 88 51 0.7734 6.44
19 0. 9305 7.88 52 0.7692 6.41
20 0. 9833 7.78 53 0.7650 6. 37
21 0, 9271 7.72 54 0.7608 6,34
22 0. 9210 7,67 565 0, 7507 6.30
23 0. 0150 7.62 56 0. 7526 8. 27
2 0. 9080 7,57 57 0. 7486 6.24
25 0. 9032 7.53 58 0.7448 6.20
26 0. 8074 7,48 59 0.7407 6.17
27 0. 8017 7.48 60 0.7368 6.14
28 0. 8860 7.88 61 0.7320 8.1l
20 0. 8805 7,84 62 07200 8,07
80 0. 8750 7.20 63 0.7253 6.04
31 0. 8695 7.924 64 0.7216 6.01
32 0. 8641 7.20 65 0.7179 5.08
83 0. 8588 7.15 66 0. 7142 5,05
M 0. 8536 711 67 0.7108 5.2
35 0, 8484 7.07 08 0.7070 5.89
36 0. 8433 7.08 69 0. 7035 5. 86
a7 0. 8383 6.08 70 0.7000 5,83
98 0. 8333 6. 04 7% 0. 6820 5.09
39 0. 8284 6. 90 80 0. 0666 5.55
40 0.8235 0.86 86 0. 6511 5,42
41 0. 8187 6.82 90 0. 6363 5.80
42 | 0.8189 8.78 95 0. 6222 518
MEMORANDA.

Jne United States gollon of pure water=231 cubic inches, contains 58,318 grains (or 3779.031 grams)=8.331 ponmls avoirdupels,

One imperial gallon of pure water -=277.276 cubic inches,

contains 70,000 grains (or 4536.029 grams)=10 pennds avoirdupois.

One cubie foot of pure water at 60° . contains 1,000 ounces == 62.5 pounds avoirdupoia.
Ta reduee imporial gallons to United States gallons, divide by 1.2

To reduce United States gallons to imperial gallons, multiply by 1.2,
o reduoe United States gallons to cubie feet, divide by 7.5,

To rednce cubic feet to United States gallons, multiply by 7.5.
To find the number of pounds svoirdupois in one cubic foot of any substance,

To find the degree Baumé corresponding to any specific gravity:

'

To find the specific gravity corresponding to any degree Baumé:

140 _ 430=Bo

8p. ET.

140

130 +-B.2

=g&p. g

multiply its specific gravity by 62.5.
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CHAPTER X-——PRODUGTION OF PETROLEUM IN THE UNITED STATES
DURING THE CENSUS YEAR.

SeorioN I.THE OOI;TDITIONS OF THE PROBLEM.

The lecalities which furnished the petroleum which entered the commerce of the United States during the
census year were the region in northwestern Pennsylvania north and east of Pittsburgh; Mecca, in Trumbull
county, Grafton, in Lorain county, and Washington county, Ohio; Pleasants, Wood, and Ritchie counties, West
Virginin; Greene county, in southwestern Pennsylvania, and Glasgow, in Barren county, Kentucky.

The actual production of petrolenm in the United States cannot be accurately given for any period of time;
but an approximate estimate hias been made up from all available sources of information, which is believed to be as
nearly correct as can be made. Thereports of the pipe-lines are believed to be correct; but they do not necessarily
represent the production of oil. The statistics of production are usually made up of the total amount of oil run
into the pipe-lines, an estimated amount handled by private lines and tank-cars, and “domp oil” handled in barrels,
to be modified by adding or subtracting the amount of oil added to or subtracted from the stock in private and
well tanks during the year.

The receipts of the incorporated pipe-lines have been reported in aceordance with the requirements of a law
of the state of Pennsylvania, and are easily accessible, I have received estimates of the oil handled by private
lines and “dump oil?, verified in some instances from independent sourees, and, on the whole, [ helieve fromn well-
informed and reliable parties.

The estimation of the amount of oil held in tanks at wells is at all times a problem of great difficulty., This
difficulty is due to the fact that the business of producing oil is condueted in sueh a manner that the owners of the
wells themselves do not know Low much oil is in their tanks; and forther, that they do not, in the aggregate, care
to have the production of their wells known. .Again, if the owners were anxious to have a census of the oil in tanks
taken, it wonld have to be done simultaneously, as ithe amount in the tanks is constantly changing; and such
conecerted action: as would be. necessary would De heset with practical difficulties if it were unanimously
agreed upon. Mr. J. CG. Welch is in constant communication with a number of those preducers who conduet
their business in the most systematic manner, and really know from actual measurement how much oil runs into
their tanks from day to day. From this exact information, and much other scarcely less reliable in its character,
he makes up his daily and monthly reports, which are much the most reliable of any furnished in reference to
this subject. I shall therefore quote from his reports in reference to this matter. In his report for August, 1879,
he writes:

There is no accumulation of atocks at wells anywhere except in the Bradford district. In the Bradford distriet, as is well known,
the stocks at wells are very large, generally and probably rightly estimated in the vieinity of 1,500,000 barrels, By my table, given
above, of comparative stocks at wells of the same owners July 1 and August 1, I find on the Bm(lford stocks my returns show an increase
of a little over 3 per cent. Taling this increase on, sy, 1,400,000 barrels, and it would make about 45,000 barrels of July production as
having gone into stocks at wells, This would be about 1,500 barrels per day, and, added to July Bradford pipe-runs, would make my
estimate of the production of that district saved in July a daily average of 39,556 barrels. In districts other than Bradford I think the
pipe-runs of July substantially represent the produetion. In the light of these facts, and bringing forward my estimate of June, I
estimate the production out of the ground, with the exception of what was lost in the Bradford distriet in July (of which no intelligent
eatimato can be made), as follows:

July. June,
Barrels. Barrels.
Botler & Armstrong............. 6, 569 7,000
CLArion veeeseemaninannsenmenanna. 5, 084 5,100
Bullion wenieeaeiiiiiii et 1, 086 1,100
0.0 & AR cevarnaianinenannanns 8, 679 3, 800
. Bradford. .. aeeccviseiiancunaun. 89, 556 41, 0600
55,024 58, 700

In his September report he says:
My returns of the stoclks at wells of the same owners in the Bradford district August 1 and September 1 show great umfomnrby
- In his October report he writes :

The Bradford stocks at wells October 1, compared with September 1, show a decline of 7 per cent. Taking this percentage from tha
presumed stocks at wells in the Bradford district September 1, 1,500,000 ba.rrels, and it makes a decrease in September of 105,000, or 3 oOU
barrels a day going into pipe-runs.

- In November his returns from the owners of the wells showed a gain of ever 5 per cent., giving 1,470,000
barrels as the stock November 1. Owing to the loss during that month, the reported stocks December 1 were
1,395,000 barrels, the same as on October 1. Referring to his reports from well owners for December, in that for
January, 1880, he says:

This shows a decline in the Bradford stocks I received of 17 per cent., and substantially no change in the stocks in Butler and

Clarjon. . Assuming & stock at the Bradford wells, December 1, of 1,400,000 ba,rrels, which in the general estimate is not far from being
rioh* “ daalin of 177 v e nt - nnld- Ane 4F m d'ne P - mb r“‘”‘nﬂﬂl - 1
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In his February report he says: _

The decline in the Bradford district on the above stocks in January was 6 per cont. , against a decline in December of the stocks I
received of 17 per cent. ]

His returns show a gain in February of 7 per cent., in March of 13 per cenf., and in April of 144 per cent. In
his May report he states:

I have returns of 121,993 barrels of oil at 832 wells, May 1, making an average per well of 138 barrels, Taking the Bradford wells,
May 1, ab 6,600, 1t would make a total stock at those wells, May 1, of 910,800, * * = Drilling wells finished in May have been very
congiderable in number, and will show a high average of production, as the new territory now being operated upon between Bordell City
and the Gray and Van Vleck wells hag proved exceptionally rich.

In his report for June, which brings up his statistics to June 1,1880, and closes the census year, he says:

I have received returns of 988 Bradford wells, Juue 1, with stocks at them, exclusive of wells that had their well stocks burned in May.
These 938 wells had stocks, June 1, of 167,694 barrels, an average of 171 barrels. Taking 7,000 wells as the number in the Bradford district,
June 1, and with this average the total Bradford well stocks, June 1, were 1,197,000, The large amount of oil lost in the Bradford disrict
makes estimates on the production there an uncertain thing, The amount lost now is estimated as high as 10,000 and 12,000 barrels daily.

Mr. Welch estimated the average number of barrels per well for April as 138, and for May ag 171; an increase
in average well stocks during May of nearly 24 per cent. per well, and in total well stocks of over 31 per cent. In
his report for August, 1880, he says: ) :

I have received returns from 1,443 Bradford wells, Augunst 1, showing stock at them of 270,821 barrels. The average per well is 187.6.
Of these 1,443 wells, 1,078 belong to companies that have 30 wells or more, with an average per well of 1874 barrels; the other 365 wells,
from companies owning less than 30 wells, show an average per well of 188} barrels. This, I think, shows clearly that my average of
187.6 for the entire number of wells is not vitiated on aceount of the returns being mostly from the larger companies,

I think this statement is good evidence of the general accuracy of Mr. Welch’s conclusions, as the 1,443 wells
were about one-fifth of the whole number at that time in the Bradford distsict.

In an editorial article, August 1, 1879, the Oil City Derrick remarks:

There is a large extent of territory in the Bradford ficld, but it has now 4,700 produeing well.

In an article the following day the same paper remarks: ‘

The Derrick is generally able to back up its assertions with figures, and we have prepared a table of all wells completed in the
Bradford region since drilling begau in 1875, with their production each month. These figures have been carefully compiled from the
monthly oil reports, and are as sccurate as can posaibly be obtained without visiting porsonally every well in the region. We beliove
the tabloe below does not vary from the actual producing wells 100,

I have completed this table from the files of the Derrick to September 1, 1880, and have added a column
showing the average initial daily production per well for the productive wells drilled. each month.

TABLE SHOWING THE NUMBER OF PRODUCTIVE WELLS DRILLED EACH MONTH, AND THEIR AVERAGE INITIAL DAILY
PRODUCTION FOR EACH MONTH, FROM JULY 1, 1875, TO SEPTEMBER 1, 1880, IN THE BRADFORD DISTRICT.

’ Productive | Initial daily Productive | Initinl daily
Month, wells drilled. | production, | Average. Month. waolls drilled. | produstion, | AVerage.
1875, Number, Barrels. Barrels. 1878 : Nuwmber, Barrels. Parrels,
UL w e [} 174 29. 00 JADUATY +vvnannvamnnaconnnnonumnnyans 105 1,537 14.64
Augusb..oveeionaanian 2 50 26. 00 Tebruary . 26 1,608 15,78
September....... voae el 8 04 8183 Mareh ...oovevennnn 110 1,768 16,98
OCHODOT aeeasvenrncvemnrnreareamanna 8 160 20. 00 April ..., © 220 8,597 16.36
NOVOIDOL +cemmnnrenvann aemnmanmnnas 3 44 14.67 MAY «eraiiaemsanmae e e cemaneaanans 846 5, 850 16.30
December ......... cereen 1 25 26,00 JUNB. cenremneiensittennmnccnaaananens 205 3, 264 15.92
151 2,437 16,14
L4 ! i
Total ........ Menesmecisasanaces 23 547 23,78 149 2632 18,54
’ . 122 1,938 15.80
1876, 180 2,572 13, 83
JONUALY «oenmneectacunncennvrannansas 11 155 14.09 211 2,724 12,01
TEDINALY e enenaenerannnncnnan Neennn 11 252 22,91 127 2,675 20,28
MATOH . oeevnevevmmm v 14 508 36,20 | -
AT ceeemesraunnoeeees saeenennnsanes 17 286 16,82 2 021 82,192 15,93
Moy oo bt 562 1568 1 FIUALY - eeeesoee s eeaemeereeenenes 110 2,019 18,38
June - seremsraeene da bad el [ N 107 9, 52 23,00
July...... 81 507 1085 (1 yoman oo 202 | 4,106 o200
Angust 45 652 ' 14,49 a3 5. 805 54 01
Boptombor. ceueeneuenr ey » 28 412 .21 | 355 8' 550 2411
L0.10271) 1T 52 550 10.58 || 308 7: 902 9. 60
November 46 450 .78 1, 260 7,20 27.10
December 2 890 %% || Augusb......... 206 £,989 28,83
4] 1) SR 857 6, 098 14.28 September. .. ... 160 4,080 28, 90
: e \ L0y : 167 4,887 28,96
Hovember .. vvuerieaevniiiainraanns 148 4, 085 21,47
. December -..ovvaveeneoiice it 188 5, 867 80.09
53 400 .24 -
87 340 9.43 Total .....]:S;B.O...............-.. 2,458 €3, 941 20,07
s o i Ty e e a1 5, 900 .1
5t ;1 4 oo || February.... - 256 7,642 20. 46
oy §15 9" 95 Mareh . oveeeecnaann.. - 835 8,185 24. 48
3g 516 15,64 15 | . 418 10,631 95,10
co MAY omemenemnannans ‘ ) 409 11, 554 28,25
is 506 W5 rune.n. ... 20 8 950 20, 67
84 1,158 18,79 et : y -
July «oeenneis 311 7,830 235,21
153 2,091 18, 06 . "
August . 326 8, 687 20, 42
114 1,808 12,00 hd i
143 2,503 17.50 Total cight months .aeouao.ina 2,572 ) 49, 104 26, fu
874 i 11,150 12,76 i Total census year..cvaevians.. ! 3, 080 84, 141 27,82
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GENERAL SUMMARY.

Productive | Initial daily | Average per
Vears, wells drilled. m‘oduction? vl ”
) Number. Burrels. Barrels,

1875, gix months.vvee cenrnnneennnian, 23 547 28,78
1876, twolve months.e eee e inivanns 357 5,008 14,28
1877, twelve monthSeeeeen i neiinens 874 11,150 12.76
1878, twelve monthg.ceeea.cnnrenann. 2,021 82,192 15.93
1879, twelve monthS.weven crenovieenas 2,453 63, 941 26,07
1880, eight OnthS «eveeelvrenas veunen 2,572 9, 106 26. 90
J 3 | S N 8, 300 182,124 21, 94

At beginning of the census year..... 4, 282 72,598 18. 65
At end of the census year........... 7,862 156, 789 21,20

. L

An examination of this table shows that the 357 wells drilled in 1876 started off with a production of an
average of only 11.48 barrels per day. At that time the Butler-Clarion district was at the height of its prosperity,
with an ocecasional well of great value, leaving but little inducement for labor in the northern field. The 874 wells
drilled the following year averaged a little better, but only 12.76 barrels per day. The 2,021 new wells of 1878
started off at a daily average of 15.93 barrels. In 1879 only 432 more wells were drilled, but their average initial
daily production was 26.07 barrels, an increase of 63 per cent. The 4,282 wells that had been drilled in the four
years preceding the beginning of the census year started off with a production of 72,598 barrels; the 3,080 wells
drilled during the census .year started off with a production of 84,141 barrels. Allowing the production of all the
wells drilled previous to the census year to have been, June 1, 1879, 50 per cent. of their original flow, which is
perhaps allowable when we consider that more than half were not twelve months’ old, the production must have
been increased during the census year 232 per eent. It is true that during this and the previous year the production
of other fields had been declining, but the increased production in the Bradford distriet was beyond all precedent,
and was due, fivst, to an increased number of wells, and, second, to a greatly increased average initial daily
production, that average having risen from 19.41 barrels during the twelve months preceding the census year to
27.32 barrels during that year, an increase of 41.78 per cent.

Commenting on the monthly report of “oil operations” for May, 1879, the Oil City Derrick, in its issue of May
31, 1879, the day Dbefore the beginning of the census year, says: ‘

Asregaxds produetion and consumption, the supply and demand, wo cannot discover anything in common between this and precoding
years. Not one element of the outlook at the present time has a true counterpart in any preceding period. In 1874, when the market
declined to about 40 cents, the outlook twas bright as compared with the present, .The daily production at that time was between 25,000
and 30,000 barrels. It is now not less than 50,000 or 52,000 barrels. The stock held in the oil regions then did not exceed 3,000,000
barrels. Ifisnownotless than 7,000,000 barrels, and constantly augmenting. The decline at that time was attributable to the increased
production caused by the striking of the large fourth-sand wells on the Butler county cross-belt. The territory where those wells were
found was limited to n small area, and the gushers declined rapidly, Now the territory known to be prolific is almost boundless. * * *
Developments in the Cole Creek district are being pushed with a persistence that bodes no good for the future price of the product. The
prodncers are paying extravagant prices for the privilege of drilling,

On this day oil opened and closed at 733 cents per baxrrel,

June 28 the Derrick’s special report on the petroleum market says: :

‘We are informed by parties who know what they are talking about that the stock at the wells in the Bradford district at the present
time is not less than 1,000,000 harrels. : : .

August 29 the report for that date says:

The condition of tankage in the northern region has not improved, notwithstanding the enormous shipments during this month
being full and running over. The matter is further complicated by the necessity the lines are under of emptying two 25,000-barrel tanks,
which have sprung a leak. The status of the wells may be judged of from the fact that the first fifteen days of this month 60,000 barrels
of wooden tankage was erected in the Bradford region, all of which is presumably full. .

September 1 petroleum opened at Qil City 4t 65§ cents. The editor of the Derrick congratulated the trade
that the monthly report for August showed fewer wells finished and but little addition to the daily production, and
ipdulged the hope of improved prices. The report of petrolenm markets for that date says: ‘

If the well reports should show o decline, men will anxiously jump in and buy, te find ultimately that there is a sufficiency of
vetroleum to spare for all.  There only needs an advance of @ few cents fo set the walking-beam wagging and producers by the ears again,
sorambling after more territory.

The sagacity of this remark is exemplified in a remarkable manner in the history of the few months following.
In the issve of September 12 the Derrick again warns its patrons of the dire effects of overproduction, and implores
them to stop drilling, giving figures to show that the production was continually on the increase and stocks
accumulating. Again, on the 20th, this paper refers to the quarrel then going on between the owners of tanks
and the pipe-lines, and says: )

It is easy to trace back all these troubles to overproduction, The owners of large tanks soon fill the capacity, and then seek means

1o have it emptied that it can De again filled from their flowing wells; Even if they put up new tanks, it is but a short time befote they
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are filled. We hear reports of 25,000-barrel tanks being built in many of the districts; yet howslight is all this new capacity when 2,000,000
barrels and over aro backed up at the wells. Still the produection goes on inereasing. Our specials every morning givea long list of new
wells. Consider the millions of stock on hand; the markets abroad nearly glutted with refined; storage capacity in the East nearly or
quite filled; every well of the thousands’in the Bradford district flowing daily into tanks alre.fuly full or overflowing; pumping-wells
forced to shut down or pump on the ground; then look at the new rigs going up and new wells daily coming in ; the market hanging
dead and lifeless at a ruinous figure; and ask yourself what must be the result of all this? Bvery week the plodnctlou is greater than
the week before; there is no use denying these facts, nor shirking the results they will bring.

Again, on the 23d, the editor remarks:

The runs on Saturday (20th) and Sunday (21st) were the largest ever kuown in the history of the trade. They amounted to over
132,000 baxrels.

In the face of this enormous production the price of 011 advanced, and on the 30th of September closed at 79%
cents. Thenext day, in consequence of the decrease of rigs and completed wells in the Bradford digtriet, it advanced
to 824 cents. The development of oil territory confinued to decrease until December, and the price advanced with
occasional fluctnations, until on December 3 it touched 128§. The result of this movement was a general advance
along the entire line of production and a gradual reduction of prices, culminating in the spring of 1880 in such an
outflow of oil as rendered all attempts to transport it futile. The pipe-lines were taxed beyond their capacity;
storage tanks and well tanks were all fall, and the oil flowed out upon the ground; but the drilling went on, and
the average production kept pace with the unparalleled number of wells.

The following statement bives the number of wells finished, the average number of barrels per day, and the
average price of oil during the census year, divided into quarters:

Average
Number nnmbexgof .ﬁ'c(g&ge
of wells, | barels | Iyo0Dor

por day.
TR QUATEET . cv e i i s i cacra e s aeacn s 783 26, 09 $0 70
Second qUATLEL. \.vvvrveemriimieeranrariiasis s rsnnnnen 475 28. 51 85
Third quarter.ve vooveeeen cirimmeceiieerssrrnnanana, 60 20,00 116
Fourth quaTer. .coveurriiviiiainniriemmmnncineeans. 1,102 26, 05 83

The advance in price beyond $1 in December stimulated production to an extent hitherto unparalleled, and
produced, near the close of the year, a reaction in prices that touched 723 cents on the 5th of May. Thus the
year gpened and closed with oil at nearly the same price.

As-indicated in the foregoing pages, an estimate of the amount of third-sand oil produced during the census
year embraces the following items:

1. Pipe-line runs,

2. Fluctnations in well stocks.

3. Oil wasted,

4, Oil burned in tanks outside of pipe-lines. . , \

5. Oil marketed outside the pipe-lines, otherwise known as ‘dumyp oil”.

SEoTION 2.—WELL STOCKS,

Mr. Welch’s monthly reports of the percentage of gain or loss in well stocks in the Bradford district, and his
estimates of the actual stocks per well on: May 1 and Juns 1, 1880 being based upon a sufficient number of reliable
returns of individual wells, and earefully made, I think mzw be faken as substantially correct. They afford the
means of revising his estimates of the gross Bradford well stocks for the earlier months of the census year, whichf
like most published estimates for that period, are excessive. Taking his estimate of the average Bradford stocks
on May 1, 1880, 138 barrels per well, and the total number of productive wells which had then been drilled, 6, 953
we derive 959, 514 barrels as the total Bmdford well stocks at that date. In the same manner, applying his average
per well on June 1, 1880, 171 barrels, to the total number of productive wells that had been drilled at that date,
7,362, we reach 1, 258 902 barrels as the Bradford well stocks at the close of the census year. It is true that some
of these wells were doing little or nothing, but the 988 wells upon which the average of 171 barrels per well wers
based included all classes of wells, and I regard the average as substantially correct.

The monthly fluctuations from July 1, 1879, to May 1, 1880, were reported by Mr. Welch as follows: In July
a gain of 3 per cent.; in August no change; in September a loss of 7 per cent.; in October a gain of 5§ per cent.;
in November a loss equal to the gain in October, so that stocks stood December 1 precisely as they stood Octoberl;
in December a loss of 17 per cent.; in January a loss of 6 per cent. ; in February a gain of 7 per cent.; in March
a gain of 13 pér cent. ; in April a gain of 14% per cent,

This is a net increase for the ten months from July 1, 1879, to May 1, 1880, of 348 per cent. DBut the stocks
at the later date, as we have found, were 959,514 ; consequently the stocks July 1, 1879, were 927,379, instead of
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1,400,000, which Mr. Welch gaveas the general estimate of the actual well stocks at that date, and which he himself
a.dopted Aceepting, therefore, Mr. Welch’s rates of the monthly fluetuations, and his conclusions as to the stocks
of May and June, 1880, as correct, and taking the increase for June, 1879, as 14% per cent., which is my judgment
of the change for that month, we derive the following tabular statement of the Bradford Well stocks for each month

of the census year:

l Poreentage of in- Percentage of in
Whole num- crease of decrease “Z‘];!?})"t - | otal stoolks crease or decrease
dllxjgagg Rzroolls ltj\%t;lvlﬁililt: glliq { Nuwmber of ;),f S"é’gﬁf%ﬂf;{ﬂf e y ductivowalls| at wells on | Number of f,f fvgiﬂ,ﬂtgf(’,‘;’&““
Month, drilled priov | ihe lstof | Parels e Month. drilled prior | the lstof barrels & :
o the 19tof | enchmonth,, PO Weil. ; to the 18t of | each month, | DPer well. (————
each month, Increase. | Decrease. oach month. Tncroase. | Decrease.
1879, Barrels. E ‘ Per cent. | Per cent. 1880, Berrels. Per cent. | Per cent,
TUDG. - veenemneans 4,282 812, 067 | 189, 63 143 |caeeennnenn JONURTY .ev ... 5,728 737,310 12872 [.eueennn. 6
B 1 4, 500 027, 879 !‘ 202. 04 G I (O, February ....... 5,044 693, 080 116.60 L S
Aungust veenenn.. 4,850 955, 200 R 17 N1 I OO PR Marel .oeuueenn. 6, 200 741, 608 119. 61 S
September-...... 5,005 055, 200 188,50 | .veiannn. 7 April siuaieaiaa. 6, 6536 838,003 1 128,23 M feeernnnnn.
October.......... 5§, 225 888, 336 ‘ 170. 02 57 35 F S, Moy couearnenans 6, 953 959, 514 138. 00 3 030 DR
Novembor ....... 5,302 036, 084 | 173.68L .ol St ] JUDG.oeaeianann 7, 362 1, 58, 002 17000 |oeemneen]ieenaennn
December -...... 5, 540 888, 336 } 160,35 |.oveaennns 17 .

An inspection of this table W111 show that the well stocks at the close of the year were 446,835 barrels more
than at the begmmng

SEcorioN 3.—O0OIL THAT WAS WASTED AND BURNED.

Of the oil that ran to waste no estimate approaching accuracy can be made. Mr. Welch says, in his report
for August, 1879:

It is well known a large amount of oil went to waste in July on account of inability to take care of it. Early in the month there
may have been 5,000 or 6,000 barrels per day lost in this way, and considerable loss continued most of the time during the month.

In his report for September he says:

I may say that there was scarcely any oil lost in the district in August, while in July there was a large amount, and this month
there is some being lost, although probably no great amount. !

In his report for June, 1880, he says:

The large amount of oil being lost in the Bradford district malkes estimates on the production there an uncertain thing. The amount
lost now is being estimated as high as 10,000 and 12,000 barrels daily.

On comparing these statements with the table given above, it will be seen that the losses that were reported
from the unavoidable waste of oil in July, August, and September, 1879, and in May, 1880, corresponded in the first
three months with those periods when the average stocks at wells were nearly 200 barrels each, and in the last
instance with a sudden increase of those stocks by 31 per cent., which raised that average in one month from 138
to 171 barrels per well.

- Returns from four large corporations owning 296 wells distributed in the Bradford district give a total loss
from oil wasted of 13,620 barrels, an average of 46 barrels per well. These losses occurred in July, August, and
September, 1879, and in May, 1880. There were nearly 5,000 wells in August, 1879, and nearly 7,000 in May, 1880.

Assuming that thls loss of 46 barrels ;per well oceurred upon 6,000 wells, a total 1oss occurred of 276,000 barrels.
I have placed this loss at 275,000 barrels, and believe this a conservative estimate, for the reason that tlns Average
is based on returns made by gentlemen who took great care to make them correct, and also because this loss
oceurred on the property of corporations using ample ecapital, with every means at their disposal to take care of
their oil, if it were possible. The estimate made is under rather than over the amount actually lost.

On the 6th, Oth, and 12th of May, 1880, three very destructive fires occurred in the Bradford district. The
report of operations in the issue of the Oil City Derrick for June 1 of that year says:

In addition to the numerous isolated rigs burned in various parts of the field previous to and since May 6, the conflagration on that
day, which destroyed Rew Citiy, also burned 54 rigs at that peint, and fires in other points in the field on that day destroyed 101 rig
along Foster Brook, 19 in Tram Hollow, 6 in Tuna valley, and 2 on the East branch, making a total loss on that day of 182 rigs, beside
a Ln ge amount of tankage and a considerable amount of oil. But three days intervened between the fires of the 6th and the disastrons
conflagration which destroyed the v111arre of Rixford, together with 54 rigs, 3 iron tanks, and about 75,000 barrels of oil. After another
interval of three days the last and greatest of the series of fires swept through Tram Hollow, totally destroymg the hamlets of Otto City,

Middauglhville, and 011 Center, and burning 300 rigs, a 25,000-barrel tank, and a large number of smaller tanks, with nearly 100,000 barrels
of oil.

This gives a fotal of 536 rigs destroyed in these three fires, which, together with the isolated rigs burned
during the month, have led to an estimated total of 600 rigs lost by fire in May, 1880. A fair estimate of stocks
at these wells Would e 150 barrels per well, amounting in the aggregate to 90,000 barrels of oil burned. The
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25,000-barrel tank belonged to the United Lines. Deducting this 115,000 barrels from the 175,000, there remains
60,000 barrels of oil in small tanks burned. An editorial in the Derrick for May 13 concerning these fires remarks:

The oil region has never suffered so severely from fire within so short a time as the last week. Beginning with the conflagration
which swept away Rew City last Thursday, the flames have erept over Rixford, portions of Summit, Red Rock, Foster Brool, and Four
Mile, and are now raging iu the vicinity of Duke Center. The disasters caused by these fires are the natural result of peculiar
circumstances. For several weeks only a limited quantity of rain has fallen, and the ground is dry and parched, while in the woods
which stretch in an unbroken line from one end of the Bradford field to the other the leaves ond dried branches are like tinder.
Scattered through this forest stand the rigs of the oil-wells, the ground about them saturated with oil and the boilers throwing up
sparks day and night. Railroads also traverse some sections of it, and every one who has seen the burned patches of grass or wood each
summer by the side of the track know how prolific a souree of fire the locomotive is. Add to all these favorable materials for incipient
conflagrations a high wind blowing almost o gale, as it has most of the time this spring, and the producers may feel that they have been
Jucky in escaping so well heretofore. Beside, the operator is careless, and setg his rigs and tanka in the midst of the forest, without
clearing up the brush or leaves, or making any effort to encape the consequences if a fire breaks out in his vieinity. The lower oil
country escaped such widespread disnster because the land was cleared of its forest. In Butler and Clarion counties more oil was
produced in cultivated fields than in woods, while in Bradford there is more wood than cleared land; hence the chances of fire are greatly
increased.

In the lower country there was no accumulation of stocks at wells; none wasted nor burned. The pipe-line
runs therefore represent the production of that region.

I therefore estimate the produnction of third-sand oil out of the ground during the census year as in section 4.

SecrioN 4, —ESTIMATE OF THE PRODUCTION OF THIRD-SAND OIL DURING THE CENSUS YEAR,

Buarrels,
B o T T Ty 22, 628, 286
2, Gain in well atoeks ....cconeeeanana., A N emeearmeea e eeen e uan. el . a4486,855
3. Oil run to waste ......c.... eeme o eama eee e aman e casenn aemanausean s ama. hsae e smoan.nenaacaan 295, 000
4. Oil burned outside of well stocks and pipe-lites ..ouon oo it i car cren e i iinr e e 60, 600
5, ““Dump 0il” and oil run in private 1ines ... .ccoooivacoioveniinns commisiie e L. BT8,670
B g RPN . M ¢ 12 £

This oil was produced in—

Barrels,
Northwestern Pennsylvamin «oue cuee vere cemeieen caes ame et taenne car e s it mmrceensoenanas tren am nmas 23, 835,982
Greene county, Pennsylvania ..o oo oo e i e iae e ieieiea e e e 3,118
West Virginia and Washington county, Ohio. ... caeemn oo e e e s 138,325
GlasgoTw, Kentueh Y coae oo et i e i e r iie i emeaaerameicmeeeaneeame e anrn e e 5,376
B2 g 2: M R4 §

“The second-sand oil is produced near Franklin, Pennsylvania, and embraces also the B, C, D, and E grades of

West Virginia oils. Of this oil there was produced in— . 5
arrols.
BT 4 3 68, 392, 83
Near Franklin, Pennsylvanias ..o oo iiii i o cai et itenearancstnssmmnasannarsaneaesnnnns 105, 600. 00
Grafion, Ohio . aveae oeen o i e it et crte tim et rec e rnaea cam e mmeerema. 2,773.00
100 G . 176,765.68

Four-fifths of the first-sand oil comes from the first oil-sand of the Venango group near Franklin, Pennsylvanin.
The oils of this class were produced in—

Barrels,
Franklin, Pennaylvanif. ... «oceoeer cversoms ionneueasciom et asamarsae i aaasrar e e eieaeae 86,857.00 '
Weat VIrginith «oov e it caerie e it i c s tia et iiautaa st cec it et nennnannen aan s 12, 536. 00
Grafton, Ohio..cevevenieremseene cnus et e e e e et ieteteee e iaea —aesaean e enes 1, 386, 00
Mecea, Ohio .. oo it i it it e itieeatiene craeer e e ammneeceaa e e aaanas e eeaad enasaeans 900. 00
Brie, Pennsylvanio ... oo coct i h e m e e baam s cmk re s rere i s 25. 00
BV 1 101,704, 00

The specific gravity of this class of oils is 29.5° B. and lower. A few barrels of oil of this grade were produced
on the Cumberland river, in Kentucky, but the actual figures could not be obtained. Probably the amount did

not exceed 50 barrels. '
The production at Smith’s Ferry and Slippery Rock creek, Beaver eounty, Pennsylvania, has been placed by

competent persons at 86,303 barrels. The following is a summary of these amounts:

Barrels,
THrgt-8aIA 0Ll v et et i n e iimmet e et mem cmie wme e et ma i s rene cmee e aaee cmae s 101,704
Second-sand 01l. .o il e i e e e e it tee et avmssmmer e aaseseencataemeaarann, 176, 766
TIAPA-BATA 061 vens et ee ceee e vems e mee s aave wmms st mm e s en hamn cmne mab amansacannanan nann i naenae 23, 088,701
Beaver county, Pennsylvania. .. ... oueen ot comi e it et rr cee e e an e e cees e e 86, 803
Ry DU USSR - - 57 1.

a By an inadvertence Professor Peckham, in preparing an abstract of this repert for the Compendinm, placed the gains in the
Bradford well .stocks at 327,852 barrels, instead of 446,855 barrels. -In consequence, all the numbers into which these stocks enter were

understated by 118,983 barrels.
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‘The following is a summary of the total production of the different localities:
' ' Barrels.

Northwestern Pennsylvanih . ve.eee coeoer oo i i e e ceicae et e eia s ttea e e e 24,034, 429
West Virginia and Washington county, 4 1 e 219, 254
Beaver county, Pennsylvania. ..o ir e e e e et e e ’ 86, 803
Gla8goW, KONtUCKY « o cnn o e o it e e e e o ettt s e 5,376
Grafton, Lorain 0unty, OBH0 . .caen oo roermre mri i e s 4,159
Greene county, Pennsylvanio ... ..o et e 3,118
Mecea, Trumbull couuty, Oth e e h M e e e oe et e e amae e easee s e e e an 900
Erie, Penusylvania . 25

7% s G PP PR~ N 15T MLV T S

I have been unable to visit California recently, and have not réceived any returns from that locality. A few
thousands of barrels were produced there during the census year. A spring in Crook county, Wyoming, yielded
96 barrels of heavy lubricating oil, and others at the petroleum locality at Beaver Creek yielded 428 barrels. This
production, while locally valuable, selling in some instances for $1 50 per gallon, is of little importance when
congidered in relation to the production of the entire country. :

SmorioN 5~THE ACCUMULATION OF STOCKS.

It is evident from the preceding pages that for some time antecedent to and during the census year the
production of petroleum, and especially of third-sand oil, had been in excess of any demand for it, and consequently
there had been a gradual accamulation of stocks in excess of the amount required in handling the oil. This process
of aceumulation did not take place proportionally in all the districts producing petrolenm, but took place mainly in
the Bradford district of northwestern Pennsylvania.

In the Grafton and Mecea distriets, Ohio, and at the Glasgow, Kentucky, district the stock of oil in tanks at
wells would not probably exceed 150 barrels. The amount remained about constant during the year, as it represents
only the stock necessary to the handling of the oil. The constant demand for the entire production of the Smith’s
Ferry district, including Slippery Rock creek, prevents any acecumulation of stocks, and in consequence the well
stocks arve always low. These stocks, together with that in the hands of the Smith’s Ferry Transportation Company,
have been estimated by competent persons at 3,200 barrels on June 1, 1879. On the 31st of May, 1880, the same
stocks were estimated at 3,000 barrels. In West Virginia and Washington county, Ohio, the well and tank stocks,
together with the stocks held by the West Virginia Transportation Company on June 1, 1879, were 79,606 barrels,
and the corresponding stocks on the 31st of May, 1880, were estimated at 50,848 barrels. In Greene county
Pennsylvania, the stocks were practically nothing. .

In the heavy oil distriet near Franklin, Pennsylvania, there was an accumulation of this quality of oil, the stock
at the beginning of the census year, allowing an estimated well stock of 3,000 barrels, being 19,898 barrels, and at
the end 27,106 barrels,

In northwestern Pennsylvania, exclusive of the Franklin district, the net stocks in the custody of the pipe-lines
June 1, 1879, and May 31, 1880, are represented in the following table

June 1, 1879, | May 31, 1880.
United Pipe Lines .. i recaees $5, 864, 850 $9, 831, 885
Tide-Wator Pipe Gampnny .............. 878,812 1, 009, 063
Tidioute and Titusville........coniennn. 189, 767 270,718 |
Pennsylvania Transportation Compeny.. 9, 855 3,271
Church IGm «oennnrennn.n e vemaan . £ T SO
OOtAYB. cceieiiieanvarnnannaamnennnasins 11, 642 14, 558
Cherry T1e6 ..ocvvernennnvennn, RN 4,802 |ooeiiaenaninnnns
Tidioute and Warren ......ooovevnenennen 11,198 15,129
FOX FOII e cc e etenet cmcre e vennne voneen 20, 054 19, 631
Charley and Shaeffer ran coeeee oo, 23, 211 26, 024
) 1 T | PP 18,215 15, 022
b 1T (N 6, 538, 857 11, 225, 801

To this must be added, for stocks outside the pipe-lines in the old territory above and below Oil City, as
estimated by Mr. J. C. Welch, the following:

. Barrels,

1T O 1 eaas 203, 474
MAF 81, 1880 e e m oo cmenen e e m e ame e e s e e e 3892, 318
Stock in iron tankage unattached to pipe-lines not otherwise given - .ocee.oeeeevcvn coaecernannsaleaeae. 150,000
532, 318

~ Mr. Weleh’s returns give an average of well stocks in the region outside the Bradford district of 32 barrels per
well, an amount that remained practically constant throughout the year. The number of wells in this so-called
“lower country” to which this average would apply is much more difficult to estimate than that of the Bradford
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distriet. During the year previous to the beginning of the census year the decline of production in the Butler and
Clarion districts had been rapid, and producers had been turning their attention to the Bradford district. As the
census year advanced, the decreased production of the lower country became more pronounced, and the transfer
of property to the Bradford district became almost equal to an hegira. Train after train of cars, loaded with all
kinds of material used about an oil-well, even to old derricks in a few instances, went up the Allegheny Valley and
Oil Oreek roads to Bradford. No careful record of the wells drilled in the lower country was ever kept, hence the
number producing at the beginning of the census year can never be known, nor ean the number be known that
ceased to produce and were pulled out during that year. Different estimates place the number pulled ont at egual
to double or treble the number drilled, but such divergent estimates show the worthlessness of all of them, Mr,
Stowell puts the number of wells in the different districts of Pennsylvania, outside of Framklin, Bradford, and
Beaver, at 6,093, but upon what basis this estimate rests I do not know. The following table from Stowell’s

. Petrolewm Reporter will give some idea of the value of this estimate as compared with the well-known changes

taking place in the localities named:

NUMBER OF WELLS IN THE PENNSYLVANIA OIL-FIELDS, BY DISTRICTS, ON THE DATES GIVEN.

1879. 1880.
Name of district. : -
e A e e D e e e e e | e

TULLEL ne vvem e vannmccnmrrenaanamameas l
Parker cocveceramsemviencnnoaaansannes 4, 560 4,350 | 4,800 ) 4,200 | 4,200 | 4,200} 4,200 4,175 | 4,0765] 4,000 4,000 | 4,000 | 4,050} 4,050 8,713
CIATION cevennmesnvarerensancunnacanness
Sorubgrnas SRR B o0 | 0| we0| 200) evo} 20| 20| ero] 2v2| ev2i 22l en2| om 272
RONO vevemcrmnsvrnsnasannsnanannsssnrsr 30 30 80 30 30 30 30 30 30 a0 30 80 30 30 30
[03) 071 RPN 360 855 855 350 850 850 { 860 850 360 850 850 845 345 345 845
Rousevilly counenns PP 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200
Rynd Farm - 200 200 200 | 200 200 200 200 200 200 200 200 200 200 200 200
Columbif .ovvnenes . 20 20 20 20 20 20| 20 20 20 20 20 20 20 20 20,
Peotroleum Centro . 45 43 43 43 40 40 40 40 40 40 40 40 40 40 40
Shamburg «cecoeeee.n eeeneen 90 00 920 90 90’ 90 00 80 g0 90 80 ) 90 g0 90
Titusville 760 700 680 080 060 650 050 @60 G50 636 (1513 036 635 638 025
B 231 T¢) 1< O 75 70 70 10 70 70 70 70 70 70 70 0 70 0 70
Fagnﬂdus ............................. 150 150 150 150 | « 180 150 160 150 156 150 150 150 160 150 1.';0
Tidioute ...emun--. . 116 1156 116 116 116 115 115 115 115 116 116 115 115 116 115
B £15 02D 1 DA 100 100 100 | - 100 100 100 100 100 1006] . 100 100 105 105 105 130

Total .. oaevrvnrnvecnaasannnoannst 6,006 6,608 | 6,023 | 0,668 | 6,485 | 0,485 | 6,485 6,460 { 6,300 | 6,272 | 6,272 | 6,272 | 6,822 6,822 6, 000

LLOSB08 . a e vesv s varerrianmnerannas

(7157 1: F

Wells comploted...

Total losses..... .

Total gaing caceua. rearrn
[ EHV151) 1415 1 D, 852 850 350 360 850 350 350 860 360 350 350 860 350 350

Wolls comploted......... 27 4 's 15 8 5 8 4 2 p) 2 2 2 13

TLOBBOR c o vanmmanaauurarresonnvncs cesevnne 32 4 & 16 |- 8 b 8 4 2 2 2 2 2 13

These figures show a total loss in the districts producing third-sand oil, due to wells abandoned, of 851 wells
during the whole census year. The number of producing wells at the beginning of the census year was 6,693.
During the year 480 wells were completed, which, added to the number producing at the beginning of the year,
equals 7,173 wells, The number reported producing at the end of the year was 6,322; difference, 851. These wells
were in most cases plugged with pine plugs or filled with sand. '

I use these figures, not because I believe them to be correct, but because they are the only approximation to

" the truth now available; they vary in their subdivisions from any others published, and are not fully consistent

with themselves. The Petroleum World gives the names of the parties who completed wells in the lower country
as follows: ’

. ) ‘ ‘ Wells, [Production, Dry.

A Number, | Darrels. | Number.
In Clarion coundby. . .ocevvavmmnanaascrnienanes [i28 : ‘564 16

In Butler nnd Arwmatrong countios............. [ 335 19
In Venango, Forest, and Warren counties ..... 44 244 10
In Jefferson county............ 1 "0 1
Near Byrowm Center.. - 171 2,080 30
Nenr Bulenton ..,.e.... S P 7 o7 8

Total cvnvreecrorevanaranacatarsacesronras 885 8,260 79
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In the Franklin district; January 31, 1879, there were reported by Mr. Stowell 357 wells, which were reduced to
352 on May 31, 1879, the day before the census year commenced, and to 350 by June 30, continuing at that. number
until December 31, 1880, a period of eighteen months, during which period he reports 63 wells as having been
completed. In the Reporter for January, 1880, he quotes a local correspondent of the Franklin Spectator as stating
that ¢ during the past year there were 123 wells drilled and 16 wells cleaned out and retubed. * * * The
number of wells pumping January 1, 1879, was about 400, and taking the number of dry wells, 22, and the number
abandoned during the year from the number pumping January 1, 1879, and the number drilled and cleaned out,
it will leave the pumping wells, January 1, 1880, 475. Taking these figures, the average number of wells pumping
. -for the year 1879 would be about 450 ”. :

Mr. Stowell reports ouly 80 wells of the 122 eompleted during 1879, and a total of 350 producing December 31, » ’

1879, against 475 as given by the correspondent whom he quotes. ITurthermore, it is highly improbable thatin the
old and nearly exhausted territory in the neighborhood of Rouseville and Rynd farm there should be for twenty-
three months, from January 31, 1879, to December 31, 1880, 400 producing wells, and at the same time 90 at
Shamburg, 150 at Fagundus, and 115 in the neighborhood of Tidioute. However, while calling attention to these
manifest discrepancies, I repeat that this table furnishes the nearest approximation to the facts that is available,
I shall therefore apply Mr. Weleh’s average of 32 barrels to 6,300 wells, and estimate the well stocks of the lower
country at 201,600 barrels.
Summarized, the stocks of crude oil in the producing regions June 1, 1879, may be stated as follows:

ACCUMULATED STOCKS, JUNE 1, 1879,

Barrels.

Pipe-line stocks, third samd. o oen oo it i e N e eam e cae e, 6, 538, 367
Well stocks, Bradford distriot . ... . ..o oo 812, 067
Well stocks, lower country.............. e et e e el hamest e i aee e e e e s 201, 600
Tron-tankage stocks, outside of pipe-lines ... .ooooeuiiot i e 203, 474
Franklin stocks, heavy oil ..o oo it iieir e i e e e e e et e e 19, 898
BIIEI'S FOITF - o oot e e e e i et e e e e e e L 3,200
West Virginia and southern Ohio.. c....oooieon oot e e e 79, 606
Grafton and Mecca, Ohio, and Glasgow, Kentueky - .oovou oo ot tiae e e e e 150

7 948, 352

ACCUMULATED STOCKS, MAY 31, 1880.
Barrels.

Pipe-line stocks, third sand ....... .. .....c.ooiiiancio.... B L L LR T T L 11,225, 291
Well stocks, Bradford distriet ... ..o e L 1,258, 902
Well 8600ks, JOWeT COUNTTY . - e ol e e i 201, 00
Tron tankage stocks, outside of pipe-lines. ... oo 532, 318
Franklin stocks, ROavy 01l «oue vemniun i e e e e e et 27,106
Smith's Ferry ..o.ocoveean .. R e e e 4 e e e it e e emmt i e enam eean e aanan 3, 000
Westi Virginia and southern Ohio. . ... oo it e e e 50,848
Grafton and Mecca, Ohio, and Glasgow, Kontteky -« . vooe oot e e e e 150

13,299, 215

From these summaries it will be seen that the total accumulated stocks in the whole country at the end of the
census year was 13,209,215 barrels, and that the accumulation of stocks during the census year was 5,350,863
barrels. The stocks decreased during that year in the West Virginia and southern Ohio district 28,758 barrels;
Smith’s Ferry district, 200 barrels. They increased ‘during the year in the Bradford district and lower country
5,372,613 barrels ; Franklin heavy oil district, 7,208 barrels.

SEOTION 6.—STATISTICS OF OCAPITAL AND LABOR EMPLOYED IN THE PRODUCTION OF
PETROLEUM DURING THE CENSUS YEAR.

'The amount of capital that has been or that is invested in the production of petroleum is a problem involved in
the deepest obscurity. Capital has often been ventured in this business legitimately without return, the investment
proving & total loss. Trom such total loss to a return of enormous value the gradation has been by infinite steps.
The actual cost of the wells which have been drilled since Drake’s first well (1859) eould be estimated with tolerable
certainty, as the price per foot for drilling has been a well-known though fluctuating factor in investment from
year to year; but what any given oil-well hag cost, and upon what sum a dividend of profit or loss should be
declared, is often scarcely known to the owners themselves. There are large corporations that have invested
money systematically for years with uniform success; but any general estimate for the whole oil region based
on the operations of such concerns would be very erroneous, for the business of such corporations has been
managed with prudence and sagacity upon territory that has already been proved, and usually without great
speculative risks. Produeing oil has not been uniformly successtul in individual enterprises, althongh, when
taker as a whole, it may have been in a general way. The capital invested in producing oil involves as a

ST B
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constant and well-known factor the cost of drilling and equipping wells, and also, as a fluctuating factor, the
cost of the land privilege for drilling. This varies from nothing (when the original owner of the land drills
his own well or offsets its cost for an equal share with those who drill it) o a bonus of from $100 to $500 an
acre, in addition to a royalty of from one-sixteenth to one-fourth of the produect. In other cases the fee to the
land is purchased outright for large sums before the wells are drilled. Such purchases, made where land is
proved, have often been very profitable business enterprises, while on the other hand they have as often proved
worthless. A certain tract of land in the Oil Creek region was purchased by A., B. & Co. for $13,000 and sold to
C. for $113,500 within three months. Three months later A., B. & Co. could have bought back the land for less.
than $10,000, it having in the mean time been proved of little value for oil. Transactions involving the loss of
large sums have been so often repeated that those familiar with the oil regions frequently declare that, vast as the
wealth may be which the product of petroleum represents, the losses have been fully equal to the gains. The vast
number of wells that have produced nothing, the still larger number whose production has never covered the cost
of drilling, together with the millions that have been wasted through fraud and reckless speculative risks,.
involve the loss of a vast swm which can never be accurately estimated. The area of the Bradford field was
pretty clearly outlined by the end of the census year, and there were those who were declaring with added emphasis.
that each month had witnessed the culmination of its production, but it has continned to pour out from 50,000 to
80,000 barrels of oil a day for the last two years. If the fee to the 68,000 acres of the Bradford field was to be
sold to-morrow, the estimated value, as given by different producers, would vary by so many millions of dollars as

" to make such estimates worthless for statistical purposes. The fact is, the present value of the land franchise of

the oil-producing region is an unknown guantity, and must be so until it ceases to have value; then its past value
at any given time can be estimated. The men of conservative temperament and those of sangunine temperament
differ as widely as the poles are sundered in their estimates of the value of oil property. I shall not, therefore,.
attempt any estimate of the value of the land franchise of the oil-producing country, but shall confine my estimates
to the number of wells drilled, cost of rigs, including engines, cost of casing and tubing, total cost of wells and
rigs drilled during the census year, and the number of men employed in drilling wells and in producing oil during
the census year:

These estimates will be made for the uppel or Bradford district, the lower country, the Franklin district, and
the Beaver district, Pennsylvania; the Grafton district and the Mecca district, Ohio; the West Virginia dlstrlct.
and Washington county, Ohio; and the Glmsgow, Kentucky, district.

During the census year there were 3,080 wells completed in the Bradford district, but at the cloge of the year
there were 58 more rigs building and Wells drilling than at the beginning. In the last month in the year 536 rigs.
were burned, about one-half of which were rebuilt immediately, and the rebuilding of the remainder was, on an
average, half completed at the close of the census year, making the rebuilding equal to 75 per cent. of the whole
number burned, or 402 rigs. It is fair to assume that the 47 rigs building at the end of the year in excess of those
building at the beginning were one-half completed, and that the 11 wells drilling at the end of the year in excess
of those drilling at the beginning were, with rigs completed, one-half drilled. This estimate would thus place
the rigs built during the census year: ]

Rigs for wells coropleted ... ueneee i it v e Bt ememereaemteeeaan smemasomacaaeaaaeeanoas 3, 080

8 T ) ] T L L L TR LTI R PP 402
50 per cont. of rigs building at the close in excess of those building at the beginning of the year............ 23
Rigs to wells drilling at the close of the year in excess of those drilling at the beginning . ............. ... 11

OB e eeeeeemmme eememe e e e e e e e e s 3,516

Each of these rigs required in building forty days of labor, making, for all, an aggregate of 140,640 days, or,
estimating 300 working days to the year, equal to the continued labor through the year of 468 men, of whom 75
per cent., or 351 men, were skilled workmen and 117 ordinary laborers. Rigs cost during the census year from
$325 to $4OO each, according to the cost of placing the material where it was to be used, or an average of $362.50.
This would give a total investment in rigs during the year of $1,274,550, of which $316 440 represents the cost of
labor, estimated at the rate of $2 50 per day for skilled workmen and $1 oO per day for ordinary laborers. Returns
of the cost of rigs built in the Bradford district during the census year from three large corporations are as follows:
No. 1 built 25 rigs for $10,000; average cost, $400 each. No. 2 built 50 rigs for $17,500; average cost, $350 each.
No. 3 built 29 rigs for $12 500, average. cost, $431 each. Average cost of 104 rigs, $384 62 each.

Bach of the 8,516 rigs built during the census year required for its construction 17,000 feet of lumber, of which
9,000 feet were sawed and 8,000 feet were hewn. This amount represents an aggregate consumption of 89,772, 000
feet of lamber, of which plobably 30 per cent. was hard wood.

It is smlmosﬁ impossible to estimate, with any approximation to aecuracy, the.capital invested in en gines and
boilers, There are engines in the oil regions fifteen years old, and some of them are to be found in the Bradford
district, moved up there from the lower country. I have conversed with a number of oil producers on this subject,
and find their opinions quite divergent. An estimate Based on these opinions and my own observations wounld
lead me to think that at least 90 per cent. of the wells in the Bradford region are supplied with engines and 60
per cent. with boilers, and an average valuation for these engines would not exceed $100 and $200 each for the
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boilers. 1 have been informed that at least one-half the wells drilled in the Bradford district during the census
yearwere supplied with engines and boilers from wells abandoned in the lower country, for which 1 make no estimate.
For the other half, it is fair to assume that a large proportion, if not all, of the engines and boilers were new or
nearly new. While the above estimate of valuations of boilers may be fair as applied to the whole field, it is too
low by one-half for the engines and boilers purchased for new wells. I place the value, in round numbers, of—

Engines (50 per cent. of 90 per cent.) of (3,080 4 11 at §200.... ... ..ol ~ $278, 200
Boilers (50 per cent. of 60 per cent.) of (3,080 4 11) ab $400. .o, oot inimnn ettt it e e 370,800
649, 000

.This would give an average valuation of 8210 per well for all the boilers and engines purchased for the 3,091
wells drilled during the census year. That this valuation is not too high is further proved by returns which I have
received from two large corporations with ample capital, both largely interested in the lower country and in the
Bradford district. No. 1 drilled 29 wells; the boilers and engines cost $13,000. No. 2 drilled 45 wells; the boilers
and engines cost $15,360. The average cost for No. 1 is $448; that for No. 2, $341. I have no doubt that a large
percentage of the wells were drilled with poorer machinery than would be used by either of these parties.

The rig, boiler, and engine belong to the owner of the well; but the contractor who drills the well owns the
drillers’ tools and provides fuel for the engine and coal for the blacksmith., It is estimated that 2 per cent. of the
wells use gas, which, practically costing nothing, reduces the number supplied with fuel to 3,024, Experienced
producers estimate the consumption of fuel at an average of 100 cords of wood per well, amounting in the
aggregate to 302,400 cords, and costing for cutting, at 90 cents per cord, $272,160. It is estimated that 500 men
are employed in cutting wood in the Bradford district. The wood usually stands upon the land upon which the
well is located, and, except for the cost of cutting, is considered of little or no value. ,

Each well requires for drilling two drillers and two tool-dressers, who are men skilled in the work which they
perform. The tool-dressers are not blacksmiths, but men who are expert in the art of dressing tools, Each well
also requires two teams, with teamsters, for hauling wood and material, From returns received from 104 wells
drilled in the Bradford district in the census year, 25 drillers drilled the wells and 18 dressers dressed the toels.
These wells were drilled more economically, as regards the amount of labor, than the average, as they were drilled
by corporations employing very skillful men at maximum wages, from which I judge that a fair estimate would
give a year’s labor of a skilled workman to every two wells drilled, or, in round numbers, for the 3,086 wells drilled
in the census year, a year’s labor of 1,500 men, at an average rate of $3 per day. Rstimating 300 working days to
the year, the amount earned by them would equal $1,350,000. As many more laborers are employed, at an average:
compensation of $45 per month, earning an amount equal to $810,000. The outfit for drilling a well is worth $900,
and is damaged an average of 25 per cent. by use in drilling one well, representing an investment of $694,350
during the census year. These sums show the cost to the contractor. The average.contraet price for drilling deep
(2,000 feet) wells was 56 cents per foot. At this rate the 8,086 wells would represent an investment by the well.
owner of $3,394,600. Such estimates are hardly worth the name of statistics, but are, I believe, as close an
approximation to accuracy as can now be made.

Each well requires from 30 to 100 feet of 8-inch drive-pipe, which is driven to the bed-rock, and on an average
300 feet of casing, 5§ inches in diameter, and 2,000 feet of 2-inch pipe, through which the oil flows.

At an average of 50 feet of drive-pipe for each well, there were required during the census year for the 3,086
wells drilled 154,300 feet of 8-inch drive-pipe, 925,800 feet of 53-inch casing, and 6,172,000 feet of 2-inch pipe.

It is extremely difficult to estimate the actual cost of this pipe, as the different manufacturers made bids for
large contracts, and a proportion, impossible to ascertain accurately, was old pipe. One large corporation paid an
average of $310 50 each for casing 29 wells; another an average of $210 each for 45 wells. In one case it is to be
presumed a larger amount of old casing was used than in the other, but just what this difference of one-third
signifies with reference to the whole number of wells it is impossible to ascertain. Prudent men, with ample
capital, would sell old casing and use new, while men of limited means would purchase and use the old; but
to what extent this was done it is now impossible to determine with accuracy. It is probable, however, that $210
per well is nearer an average price for casing for the entire Bradford district than $310 50. Returns from the
same firms give an average expenditure of $343 per well for tubing 74 wells. These were firms using ample capital,
and the average is no doubt too high for the whole field, $300 per well being without doubt an ample average cost
at which to estimate tubing. Assuming that all of the drive-pipe was new and cost $3 per foot, the total cost
would be as follows:

R

Drive-DIDe .« . e o e e e e e et e tamn . $462, 900
Caging ............ e 648, 060
E L [ 925, 800

E ] S e e ea s 2, 036, 750

The cost of torpedoes is subject to caprice. There are those who do not use them at all ; some use small ones,
others use very large ones. One firm torpedoed 25 wells at an aggregate cost ef $9,982, average cost, $400; a
second firm 29 wells for $3,000, average cost, $103; another firm 45 wells for $9,360, at an average cost of $208.
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These firms and corporations are all managed by judicious, conservative men, of large experience, while a large

proportion of the wells are drilled by men who operate recklessly and rely upon torpedoes to produce large and

quick results. I regard $300 per well as a low estimate for torpedoes, amountmg in the aggregate to $925,800.
These estimates foot up as follows: . .

LS107C1 et 2 L o T U et aaeeiaaaan $1, 274, 550
Engines and boilers for 3,001 wells ..o oo an i e e et e e e e et S 649, 000
Drillng 3,080 WellS .o v oot e s et e e e e et e 3, 394, 600
PIping 3,086 Wells « acun v e e e e e Ceean- 2, 036,760
Torpedoing 3,086 Walla. .. .c . ram et it et cae cn e e e e e e s 925, 800

L g e M ne e ecanaae 8,280, 710

Returns from elght of the largest firms and corporations doing business in the oil regions, having more than
20,000 acres under development and operating over 600 wells during the census year, give an average of five acres
to one well, and assign to the land a value of $300 per acre for oil purposes. Upon this basis they estimate o
general average cost of the land at 81,500 per well, and of the well itself from $2,500 to $3,000. At $2,500 each,
the cost of the 3,080 wells completed during the census year would be $7,700,000; at $3, 000 each the same Wells
would cost %9, 240 000. My estimate of $8,280,710 is therefore a fair average estlmate, a8 based upon that of the
owners, of ‘Lbout»lO per cent., of the wells that had been drilled in the Bradford district at the beginning of the
CENSUS year.

The approximate value of labor employed in building rigs was $316,440; in cutting wood, $272,160; in
drilling wells, $2,160,000; total, $2,748,600. To this sum must be added the value of labor employed in operating
and repairing wells ahefxdy dmlled a service which requires the labor of a large number of men.

Returns from the owners of 590 wells show that they employ 275 men in pumping and gauging, and 34 men
a8 overseers; a total of 309 men. Apply this average to the 4,000 wells in the Bradford distries at the beginning
of the census year, and it gives, in round pumbers, 2,000 men, earning $45 per month, or an aggregate of $1,080,000,
which makes up a total labor account for the Bradford field of $3,828,600.

The number of wells drilled in the lower country during the census year was 335. Their average depth has
been placed at 1,400 feet, and the rigs and tools are the same as those used in the Bradford district, at the same -
average cost; but their lessened depth reduces the cost of both drilling and tubing. Three hundred and thirty-five
vigs, at the average price of $362 50, would cost $121,437 50, and would require for their construction 5,695,000
feet of lumber, 3,015,000 of which would be sawed soft lumber and 2,680,000 hewn lumber, These wells would
require for drilling 33,500 cords of wood, the cutting of which would cost $30,150,

I estimate the cost of engines and boﬂers in this district as averaging $300 per well, which, for 335 wells,
would glve a-valuation of $100,600. Estimating the average of 50 feet of drive-pipe per Well at 83 per foot, casing
at $210 and tubing at $200 per well for an average depth of 1 ,400 feet, the cest of casing and tubing the 335 wells
drilled in the lower country would be as follows :

Drive-pipe, 8-inch, 16,750 f06ti. . o oo e cv i e e i e i e eeaan $50, 250
Caging, 8§-inch, 100,500 f065. . o o cuun i e i it eaeer s ae s e aeee e cnan 70, 350
Tubing, 2-inch, 469,000 feeh .. e oem e e et e et daee e ccmn tna amam e aaan 67,000

The drilling of 1,400-foot wells was worth during the census year 60 zents per foot, a.nd at that rate the drilling
of the 330 wells in the lower country cost $281,400.

Summarized, these estimates foot up as follows @

335 1ig8, A6 $362 50 000l u aan e ceen e e e e erre e e arae s naee e aaeans cnunaoeanenna $121, 437
Iingines and boilers for 335 wells, at an average cost per well of $300 .. ... .o immrrim oo iiieiaeanan 100, 500
335 wells, drilled 1,400 feet each, at 60 conts Por f00b: .. caw e e e it i e 281,400
Dl T @ DB e e aa sme e e me e et ety e nae e e n s edms e esme e ananeaana tauannamnan i nuan emnmnn 50, 250
L O 70, 350
LT A Y 67, 000

BV 7 g PPN 1+ 111 £ - 14

The general estimate given by producers of large experience that 1,400-foot wells cost about $2,000 each
confirms these detailed estimates ; and at this rate the 335 wells would cost $670,000.

The employment of labor in the lower country is divided between drilling wells and caring for those already
drilled. Unlike the wells in the Bradford distriet, nearly all of which were flowing during the census year, those
of the lower country were all pumping-wells. The labor required in building 335 rigs, estimating 30 days of skilled
labor at $2 50 and 10 days of ordmary labor at #1 50 per day, amounts to the labor of 33 carpenters, $25,125; 11
laborers, $5,025.

In drilling the wells there were required 175 skilled workmen at 83 per day, and as many more laborers at §45
per month, which would amount in a year as follows: 175 skilled workmen, at $3 per day, 300 days, $157, 500 176
laborers, $45 per month, $94,500.

The’ mvestmento in drillers’ tools, on an average of five wells to a set, amounts to $60,300.
VOL. IX——1
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The employment of labor in the lower country in the care of wells is proportionally greater, for reasons already

stated.

Three corpor: a,tlons, owning 112 wells, all in the lower country, employed 74 men to care for them, four-fifths of
whom were engaged in pumping and gauging. As these wells belonged to corporations having a thoroughly
organized business, it is to be presumed that a minimum number of men are employed. Using these numbers as
the basis of an average, the 6,000 wells that were cared for in the lower country during the census year required
the services of 3,960 men; but I think it is fair to assume that 4,500 men were employed, at an average rate of
compensation of $50 per month, which would make the aggregate sum paid in wages $2,700,000. The approximate
value of labor employed in the lower country is, therefore—

Tn rig-Duilaing . oo oo e e tmemes e s eaieaiiiissaee e senain e e [ $30, 150
In cubtIngG WOOM o eneen i et et cet tme bt cen it aimeem et sresenme seeraneeneee cmew 30, 150
Tn Arilling WellB - o vme e e i e e e i et e eime it iesene e eimen s smesaie e 252, 000
TIn caring 0T WIS « o n e oo e e e e e e e e e e 2, 700, 000

17 DU PR e eeee e e e s e e 3,012, 300

In estimating the investment in drilling wells and the value of labor employed in the Franklin district entirely
different conditions must be considered. The wells are not more than 100 feet deep, and cost, on an average; only
about $400 each. As a portion of the productive territory is owned by farmers, who in some instances drill the
wells themselves and pump them at intervals as other work may slacken, it will be readily perceived that a much
larger number of persons are interested in the productiom of oil, and find partial occupation in it, than would be
necessary to carry on the business if constantly employed. In the most productive portion of the field the wells are
constantly pumped six days in the week on the sucker-rod plan, from 12 to 40 wells being by this method pumped
by one engine. There were 475 productive wells January 1, 1880, and I shall assume that 450 was the average
for the census year, of which 400 were pumped constantly. The rigs used here are only about 30 feet in height.

Drilling in this district was comparatively active during the census year, an avérage of about 10 wells per
month having been completed, with an average daily production of about 2 barrels each. The drilling of these

wells could not have employed constantly more than 50 men, including the rig-builders, and their care, allowing
5 men to 20 wells, would employ 120 men. Summarized, the items appear as follows:

L0 e g U T R $48, 000
Labor of 50 men, at $50 per month. .o e et i e iicmecei e cenens 30, 000
Labor of 120 men, ab $50 per month .o vee. ce i e it iias cerceesmeaat s aen saeaaaee 72,000

In the Beaver district it is estimated there were 200 wells, 15 wells being drilled during the year. These wellg
are about 600 feet deep, and cost about $700 each. The rigs used are low and comparatively inexpensive, and the
pumping is done with sucker-rods. Probably 75 men, at $50 per month, is a maximum estimate for the labor
employed in this district. Summarized the items appear as follows:

Cost 0f 16 wells, at $700 @aCh .. oo o o o i e et et temmae e name e aaneena aans $10, 500
Labor of 75 men for one year, at $50 Per montll..cue. aees cere tsmmt iy taraae caccn semmes raaer reaaas anus 45, 000

At Belden and at Grafton, Lorain county, Ohio, 72 paying and twice as many more unproductive wells have
been drilled, generally from 60 to 250 feet in depth, the deepest yielding the lightest eil, of which about 20 were
producing during the census year. Wells cost here from $30 to $40 each, exclusive of the rig and machinery,
which are moved about as required. The oil industry here gives employment to about 10 men, and their labor, at
$50 per month, for one year, amounts to $6,000.

In the Mecc& district the cost of opera,tlng for oil is reduced to a minimum. The wells are from 40 to 70 feet
deep. A rig costs only $20, and is moved about as required. A rig was hired, and three wells were put down at a
total expense of $100.

Probably 20 wells, at an estimated cost of $40 each, were drilled during the census year. It is estimated that
15 men are fully employed here in producing oil. Very few wells are pumped by machinery, a wooden condnetor
being carried down to the rock; and after the well is drilled and the production has run down everything is removed
but this conductor. The well is then pumped at intervals with a sand pump. There are several hundred wells
that. are pumped in this manner, but the exact number would be very difficult to ascertain. Summarized, the
items appear as follows: Cost of 20 wells, at $40, $800; labor of 15 men, at $50 per month, one year, $9,000..

The West Virginia and Washington county (Ohio) oil district is the most peculiar in the country. It has
produced oil for a long time, and yields a great variety. The number of wells in this region is about 600, Some
of them, yielding heavy and valuable oil, have been pumped since 1865 and 1866; others, yielding lighter oils, have
been abandoned, and others still that had been abandoned have been cleaned out and pumping has been resumed.
A few wells are being drilled there every year. In the absence of records, it has been estimated that the number
of pumping wells has remained about the game for several years, the new ones about equaling those abandoned.
I could not ascertain that more than 120 wells were drilled in the district during the census year, the depths



THE NATURAL HISTORY OF PETROLEUM. 147

varying from 150 to 1,500 feet, an the well penetrates the different horizons at which oil is found. Very few wells,
however, have been put down to the 1,500-foot level, and perhaps an equally small number have proved remunerative
at the 150- to 200-footlevel. The average depth is about 750 feet, and the average cost is estimated at $1,000.  Both
skilled and ordinary labor is cheaper in this section than in northwestern Pennsylvania, skilled labor being reported
here to be worth during the census year from $2 to 82 50 per day, against $2 50 to $3 50 in Pennsylvania, and
ordinary labor from $1 to $1 50, against $1 75 to $2 in Pennsylvania. A large number of wells are pumped here
by one engine, but instead of a sucker-rod connection the pump vod is attached to a wheel, over which passes an
endless wire rope. The uneven surface of the country, as well as the greater depth of the wells, renders this
method of transmitting power necessary; but while it is more expensive, it is more reliable.

From returns received I estimate the average cost of the 120 rigs built during the census year at $230 each,
requiring twenty-four days of skilled and eight days of ordinary labor and 12,000 feet of lumber in their construction.
Coal is used asg fuel in this section, the wells often passing through the veins. I estimate very few, if any, new
engines and boilers in use for drilling these wells. This section has produced oil since 1861, and some of the
machinery used is very old. In drilling the machinery is attached to a gang of wells by an endless rope, and is
run without any inerease in the expense account. Wooden conductors are used. T estimate an average expense
of $125 as ample to cover the cost of casing, and an average of 500 feet for each would include all of the tubing
required. The cost per foot for drilling would not vary much from 60 cents per foot. Summarized, these estimates
appear as follows:

120 rigs, ab $200 ench. v ua o i i it eeiin ide e e $30, 000
B T 1 G g PR U 54,000
Casing, $I125 8ACL o vn oot et et et reeie et ieeee e aiecceeaceacacsanes cemnenennens 10,000
Tubing coeeveaenncaneannn s emmmeaenas 9, 000

108, 000

The labor employed for the year is estimated as follows:

In rig-building, 10 mMen, COTNINE caumut cuusnsmmannrnnsansaecoscane cunsumns cannnnnscunnsinanssnmnceonnnce 57,200
In rig-building, 3 men, earning . .. o e iiaaat o e eireaet it wewe e ameea e m e 960
In drilling wells, 25 MON, GAINING «cue e iie e cnet atraicae cmve bman cnmemn cran samaumaunn s mamamnes 15, 000
In caring for wolls, 260 men, CarNING tvueae oo cnae e e e cia i iiee redceeiiamrcaceacaanna e .- 150,000

173, 160

On Boyd’s creek, near Glasgow, Kentucky, there were five wells in operation during the census year, furnishing
employment to seven men, including teamsters, at an average compensation of $35 per month, the wages amounting -
to $2,940. o

The following table represents in a tabulated form the statistics of this section:

STATISTICS OT THE INVESTMENT OF CAPITAL AND THE EMPLOYMENT OF LABOR IN THE PRODUCTION OF PETROLEUM
DURING THE YEAR ENDING MAY 31, 1880,

; No.of | No,of | Na. of | pqt 61 gx;);itn?si Cost of | gt of | Costor | SO | Cospof | Total cost ESE)??SI%} Averago
y iy rive- H . e q
Nomoof tstlot. | wells |ty | nige | M| Ml | dnive | il by, | SRl | deiag. | of melte | skioa | alef
Bradford, Ponnsylvanin....veeu.. 8,080 68 | 8,516 [$1, 274,550 | $640, 000 [$402, 000 $048, 060 $925, 800 | $025, 800 [$3, 304, 60O [$8, 280, 710 1,851 | $2 504 00
Lower country, Pennaylvania ... 885 70 385 121,487 | 100,500 | 50,230 70,850 | 67,000 |.......... 281, 400 690, 937 208 | 2 50—4 00
Franklin, Ponnsylvania «......o. 120 ceen .. 48,000 15, 2504 00
Beaver county, Pennsylvania.... 15 - 10, 500 12} 2 60—£ 00
Grafton, Ohio....uvuus O Rt P g S e e P N T T TR T T PEEPPORRPPIN
Mecen, Ohio cavrvvnenenianian, 20 O P 1171 R
West Virginia ond southern Ohio. 120 |eennenas 120 80,000 [ccnvennuar|rnacennns 15, 000 9,000 [.amieonas &4, 000 120, 000 251 2 002 50
Tstimated Estimated | Rato | Totnl e | Tonmnie | Dstimated | TR0
Numoofdistrior, | Tumborof | ATONES |aumborof | poid | wumbor | pppoitor | memam | ‘monem: | SRS Coords of | FRET,
oxdinnry Wages. wood.- pex of men 1o geE paid. ployed in | ployed in lumber fuel used Larrels.
Iaborurs. choppers, | cord. | employed. drilling | oaring for | <70 8. in drilling
wella, wells, wells.
Bradford, Pennsylvania ..i..en. , 3,617 [$1 602 00 500 | $0 90 5, 968 | $3, 828, 600 3,000 2, 000 | 59,772, 000 302, 400 }23 898, 569
Lower country, Pennsylvanis. ... 4,086 | 1 50--2 00 50 [ceriwnns 4,044 | 8,012,800 850 4,500 | 5,895, 000 33,500 e
d&‘mnklin, Penngylvania.....ceee- 165 7 1 50-—2 00 170 102, 000 ¢« B0 120 -600, 000 86, 857
Beaver county, Pennsylvanin.... 63 | 1 602 00 75 45, 000 10 .60 225, 000 |. 86, 803
Grafton, Ohlo..cvvouvernncninenns 10 6,000 |.lcuovuunnns j L il 4,150
Mocen, Ohio vovneevannnan.. [N 0,000 {oevrmmnennnn 15 [vaneeerammaclusmeserennas } ) 900
West Virginia and southern Ohio. 173,160 25 250 | 1,440,000 {.-enuenaans I 219,264
Glasgow, Kontueky.ee eecarennes 2, 040 . 5,376
Greene county, Pennsylvanis ....|-- 3,118
Erie, Pennaylvania cowevnierrnnns 25

Costiof raising oil: Flowing wellain the Bradford district, 6 to 8 cents per barrel; pumpingwells in the lower country, 60 to 80 cents; pumping wells inFranklin
district, $3 per barrel. ’
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To this may be added the following table, showing the estimated number of wells at the beginning and the end
of the census year in the United States east of the Mississippi river:

. Esfill?atedf Esthﬁmtedf Nunibtera
- number o number o: complete
Nameo of district. producing wells producing wells during Dry holes.
June 1,1879. | May 81,1880. | census year.
Bradford, Pennsylvanis..ccee cueiniacaaecenens 4,282 7,862 3, 080 58
Lower country, Pennsylvania...... vecavciunnss 6, 603 6,322 335 79
Franklin, Pennsylvania...veceorerermanna o 400 500 120 18
Beaver county, Ponnsylvanis .cvoovoamaeaanan 200 200 15 {
GTafton, OO covevvecmiaanrsinccemncanaaan, 20 20 ¥ 4
Meoos, Ohio. . ovuiiviaiiinaeivineevanmreenas f § 20 ?
West Virginia and sonthern Ohio...eeuenaaan.s . 500 600 120 ?
Glasgow, Kentueky - ccueevvenae ccnammacanenaans 5 - T PR PR
B4 011 % R P 12,100 15,009 3,690 147

SECTION 7.—GENERAL STATISTICS RELATING TO THE PRODUCTION OF THIRD SAND
PETROLEUM.

In illustration of this section I have been %o fortunate as to secure the accompanying diagrams, prepared by
Mr, Charles A, Ashburner, of Philadelphia, especially for this work, from the statistical tables of Stowell's
Peirolewm Reporter. No. Iis a graphiec representation of the total production by years of the different districts,
by which the date of discovery, expansion, and contraction of the production of the different distriets is noted ;
No. IT shows the comparative volume of the total production of the different distriets. No. III shows the comlnratlve
expansion and contraction of the total yearly production, with the total value in greenbacks and gold, from 1859 to
1880, inclusive. On pages 149, 150, and 151 are statistical tables from another source, which vary only slightly
from the preceding in the aggregate, and present the matter in detail. On page 150 is a statistical statement, made
" by the United Pipe Lines, that offers its own explanation. On page 151 is a table giving some comparatlve
* miscellaneous pipe-line statistics that are included in the census year, taken from the Titusville Herald of April
11, 1881, except the averages for the census year. The following estimate of stocks in the oil region on the dates
nmnecl is given for what it is worth, as the aunthority is unknown:

Barrels, Barrela.
February, 1868.......cco-..u. emmes e 534, 000 February, 1874. . cceuiieaiinariiiaiecnnnes 1,248,919
February, 1869. .. ceeeaemmencanaiaannnan 264,000 February, 1875. coe caecmecncemcnemceavannns 4,250, 000
" February, 1870...ccaneeervemeaae e e 340, 751 February, 1876. ... ... ..o....... renen. 3,585,143
February, 1871. oo iiceciieeee tenens 537, 000 February, 1877 .c.ecvemrncaeiiameaevararens 2,604,128
February, 1872.cav. i ree e aeaaae 623, 048 Febroary, 1878. . . cvcviniinmmnciaa e 3,555, 342
February, 1873. . cve i tecmrrcacanaaan 1, 085, 435 February, 1879 e erveeiicccn cnnmenvnnnn 5,385, 523

STATEMENT SHOWING THE YEARLY PRODUCTION, AVERAGE YEARLY PRICE, AND VALUE, IN CURRENCY, OF ALL
OIL - PRODUCED FROM 1860 TO DECEMBER 31, 1880, BOTH INCLUSIVE.

Teas. Npmberof | Avomageptes | amount

TOLAL 1auererennnenn cereanvnnnen © 156,888,391 [.vecenereniennn $384, 871, 003 84
1860 s memiemmeinsannrnnnnnmenennnnanans 500, 000 $0 60 4, 800, 000 00
186Leemerunneecenarsannannanenensmnrnn 2,118, 600 48 1, 035, 668 41
L1 U 3, 056, 690 105 3, 200, 524 50
i SO 2, 611, 309 315 8, 225,623 85
11 U 2,116,109 9 874 20, 896, 576 37
1805 mecemrareeenanneanannaennnnaans 2,407,700 |. 6 59 16, 459, 843 00
B SR 3, 597, 700 374 18, 455, 398 00
18071 memn snnnc s asmanarsmnnn e 3, 847, 300 2 41 8, 066, 593 00
1868 e seecmrnenrarsenrannneanensnanan 3, 646, 117 3 624 18,217,174 12
31 O 4, 215, 000 5 63 23, 730, 450 00
1T (1 SO 5,260, 745 3 803 20, 503, 753 63
AT o DU © - 5,205, 341 4384 92, 501, 179 84
1872 eecaemcen s eonnee nnmneameeneenn 5,890, 248 8 64 91, 440, 502 72
B T SO 9, 890, 964 188 18, 100, 464 12
1 U 10, 809, 852 117 12, 647, 526 84
1875 nenvenen Cermereeaeiaeeannns aeann 8,787, 506 185 11, 863, 183 10
ST . 8,968, 906 2 563 92,982, 821 62
1877 ems euwme e emee e an ean 18,135, 771 242 | 81,788,565 82
1878 e eermrrinnnrenseanmansenenaans 15, 163, 462 119 18, 044, 510 78
1870 e memannneennaannnesaneneemnnns 20, 041, 581 855 17,210,707 68
1880 mn et ceaemeeseimemmemaen e mens 26, 032, 421 C a4 24, 600, 637 84

Average price per barrel for 21 years, £2 134-. ‘ \
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STATEMENT OF THE NUMBER OF BARRELS OF OIL PRODUCED FROM. AUGUST 26, 1859, TO DECEMBER 31, 1880, BY
YEARS AND BY COUNTIES, IN THE OIL REGIONS OF PENNSYLVANIA AND SOUTHERN NEW YORK.

Years. B%Tlﬂgs‘of State and county.

s TOtAL < eemnereneme e 166, 153, 807

'1,000 | Venango county, Pennsylvania,
500,000 | Venango, Forest, Crawford, and Warren, Pennsylvania,

9,113, 608 Do.
2, 058, 680 Do.
2,611, 869 Do.
2,116, 109 Do,

2,407,700 | Venango, with Clarion and Armstrong.
8,507,706 | Venango, with Cattaraugus county, New York.

3, 847, 800 Do.

3,715, 700 Do.

4,215,100 Do.

5,850,000 | Venango, with Butler coﬁnty, Pennsylvania,
5,202, 710 Do.

5, 0885, 635 Do,

9,882,010 | Venango, with McKean county, Pennsylvania.
10, 920, 435 Do.

8,788, 470 De.

8,952, 355 Po.

13,129, 780 Do.

15,159, 180 Do.

10,741,755 Do,

25, 060, 260 Do.

TOTAL PRODUCTION OF CRUDE PETROLEUM IN PENNSYLVANIA OIL-FIELDS FROM 185€i TO DECEMBER 31, 1880, BOTH
INCLUSIVE, DIVIDED INTO PRODUCING DIVISIONS AND DISTRICTS,

On Cresle | Pithalo | ({0 |\ FONE  | Tidionte | Clarien | Bradford | Bullion | Warren | Boaver ||, ooty

Years. divislon, | distriet. | <5 00 S oBE Y| distriet. | division. | division. | district. | division. | division. tgf:%ﬁ&gn
. Barrels. | Barrels. | DBarrvels. | Baryels. | Barrels. | DBarrels. | Berrels, | Barrels. | DBarrvels. | Barrels. || Barrels.
Total cuvvavnneneacnanns 85,517,217 | 4,816,208 | 6,482,000 | 87, 342,078 | 4,674, 345 | 20,881, 638 | 44,674,021 | 2,812,100 448,218 8530, 881 | 156, 800, 381
2,000 [sernvecearerluaroennenann e aenanas 2,000
600,000 [.oreencnnens 500, 000
2,118, 609 2,113, 609
8, 066, 600 |... 8, 056, 400
2, 611, 809 |... 2, 611, 809
2,116,109 . . .- 2,116,100
1, 586, 200 912,500 [veeanninnna. 2, 497, 700
2,502,700 | 1,005,000 |ceeuennenan. 3, 597, 700
2, 898, 00 9654, 000 [1envermmenns 3, 547, 300
8,072, 617 547, 500 26, 000 B, 646, 117
8,762, 500 865, 000 22, 000 4,216, 000
3, 039, 528 173, 585 818, 150 5, 2680, 746
2, 040, 263 182,054 | 1,083,886 | 1,001,458 407, 887 810, 203 5, 205, 841
1,529, 685 145, 065 881,140 | 1, 068,080 847,109 829, 079 5, 800, 248
1, 004, 380 119, 864 851,084 { 4,402, 563 895,083 | 2,526,281 |, 9, 800, 064
784, 247 55, 770 664,978 | 5,160, 265 373,825 | B, 021,267 . 10, 809, 852
504, 689 85, 180 848,905 | 4, 712, 702 361,407 | 2,821,214 18,609 [ccenesamannn 8,787, 608

611, 884 87, 460 338,640 | 4, 755, 623 354,284 | 2,877,700 382, 7688 64,220 [ 91 1 O 8, 968, 008
834, 858 60, 880 474,202 | 6,481,072 | 812,700 | 8,012,120 | 1,400,481 | 1,306,442 161, 871 62,085 | 18,185,771
680, 048 60, 000 868, 710 | - 4,552, 816 808,780 | 2,276,408 | 6, 208, 740 605, 265 108, 800 02,400 (i 165,168, 402
384, 400 36, 500 558, 652 | 2,876,787 227,900 | 1,438,342 | 14, 006, 750 289, 501 45, b50 82,100 || 20,041,581
385,842 36, 500 106,143 | 1,787, 969 108, 42 868, 084 | 22,877, 058 148, 672 01, 666 102,050 || 26,082, 421

RECAPITULATION.
Barrels,
Oil Creek division, including Shamburg, Pleasantville, and Bnterprise. . .o.oaeiciivmiiiiiimimnnienes 35,517,217
Pithole district, including Holderman, Morey, and Ball farms ... oc.omeaeeoimiiiiiiiiiii i oaane- 4, 816, 208
Central Allegheny division, including Scrubgrass to West Hickory ... oooivnoiiiiiiiiiioniianss 6, 482, 900
Lovwer Allegheny division, including Butler and Armstrong counties. ...o.oocemeoceencicneevannonenna - 37,342,078
Tidioute district, ineluding Beonomites, Fenderson ﬂum, P PSR Y N
Clarion distriet, including Clarion county........... e amuet mme e aumane ameaensem e thmanm .- 20, 381, 638
Bradford disttict, inclnding McKean and Ellzcounties; also Cattaraugus and Allegany counties, New York. 44,574,921
Bullion Jlistrigt, including Venango County weeeen .o n oo iiimie i cmemesvir s aeas v eeaeeimmaan 2,312, 190
‘Warren division, including Stoneham, Clarendon, etic...c.oovenevanns . eeuenseesesimmendeaanne i aan 448,213
Beaver division, including Smith’s Ferry, o0 «uuueen oo v immceecanrocaarncianaesunen —-emuen e et 339,631

FEOEENETS——Y

Total production from all districtB.cucer vorcae vauas b emume s meemaemeneeeseenmumasaanean suae aane 156, 890, 331
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PRODUCTION OF PETROLEUM.

STATEMENT, BY COUNTIES, OF THE NUMBER OF ACRES DEVELOPED IN THE OIL-FIELDS OF PENNSYLVANIA AND NEW

State and county.

Number of
. aores,

Venango county, Pennsylvania ........... .
Crawford county, Pennasylvania.
Forest county, Pennsylvania..
‘Warren county, Pennsylvania ..
Armatrong county, Pennsylvania.
Clarion county, Pennsylvania...

166, 380

82, 000
8,400
1,920
8, 720
5,120

19,200

Butler county, Pennsylvania..
MeKean county, Pennsylvauia..
Cattarangus county, New York

27, 520
50, 000
7,500

YORK FROM AUGUST 26, 1859, TO DECEMBER 31, 1880,

STATEMENT MADE BY THE UNITED PIPE-LINES FROM THE BEGINNING OF APRIL, 1877, TO JULY 9, 1881,

Month, Gross stocks, | SQSRENL | Notstooks. | SRIMEURE | BN | Cbaren | deiioihe
Barrels. Buarrels. Barrels. Burrels. Barrels. Barrels. Barrels.
1,805,163, 71 77, 386,70 1,817, 767. 01 449,640, 14 1,868, 126, 87 200, 570, 81 125,797, 90
1,762, 602. 04 75, 364. 87 1,687, 237,77 683, 663. 71 1,003, 574. 08 493, 200. 58 610, 612. 26
1, 609, 367. 68 81, 255. 42 1,488, 112. 26 661, 786, 57 826, 825, 89 538, 906, 95 737, 609. 77
1,482, 433. 61 81, 741. 50 1, 400, 692. 01 067, 166. 86 783, 625, 65 615, 145. 46 699, 476,18
1,489, 052, 53 81, 144,63 1, 407, 807. 60 643, 281, 46 764, 626, 44 678, 403,04 866, 144. 28
1,389, 032, 27 67, 16368 1, 271, 808. 59 552, 6768, 28 718,192, 33 624, 225. 37 760, 745. 57
1,484, 728.78 46,771.99 1, 887, 956.79 673, 850. 05 714, 108, 74 887, 084, 50 570,002.71
1,601, 399, 52 30, 418. 00 1, 51, 981, 52 657, 591, 80 994, 890. 16 9183, 644.18 640, 242, 70
2, 830, 415. 36 68, 720. 63 2,761, 685,78 754, 838, 25 9,007, 847, 48 1, 656, 150, 37 506, 322. 98
3,124, 641.15 72, 453,43 8, 052, 187. 72 864,711, 41 2,187, 476. 8L 972, 681,18 715,149.78
4,439, 526. 98 82, 452.66 8, 857, 074. 82 1, 404, 202.13 1,052, 782, 19 1, 030, 688, 44 720, 478. 14
8, 040, 000, 65 92, 963. 06 3, 847, 037. 50 1, 487,439. 50 2, 859, 598, 09 1, 196, 251, 26 701, 681, 27
4,835, 274, 84 183, 034.76 4, 201, 340. 08 1, 615, 791, 19 2, 585, 548, 89 1,137, 359, 40 778, 050, 53
4,609, 681,45 150, 117.76 4, 450, 553. 69 2, 065, 333, 81 2,804, 230. 38 1,104, 352. 40 843, 081. 33
4,719, 699. 25 181, 800. 03 4, 537, 899, 22 1, 950,420, 81 2,687,478, 41 1, 092, 604, 02 1, 004, 474. 55
4,885, 851. 72 220, 080. 78 4, 656, 770. 94 2, 078, 469, 56 2, 678, 301, 38 1, 258, 648, 45 1,108, 074. 83
4, 571, 658. 59 217,086,10 | - 4,854, 573. 40 2, 084, 590. 76 2, 289, 982, 64 1, 195, 268, 67 1, 496, 009. 04
4, 410, 061. 84 225, 088, 86 4,184, 972, 98 1, 705, 853. 05 2,479, 119, 03 1,182,118, 57 1, 318, 265. 33
4,072, 627, 43 234, 050. 89 8, 838, 676. 64 1, 517,484, 27 2, 821, 092, 27 1,271, 174,78 1, 564, 984, 43
4,083, 972, 42 216, 655. 30 8, 867, 817. 12 1,784, 443.35 2,082, 873,77 1,159, 628,71 1,129, 047. 02
4, 088, 200, 02 201, 470, 80 3, 890, 780. 62 1,741, 311, 07 2,155, 419, 55 072, 338, 83 024, 035. 93
4,759, 031, 41 182, 707. 80 4, 576, 328, 61 2, 153, 763. 83 2,422, 650.78 1,231, 237,19 546, 271. 74
5,157,646.15 1 171, 689, 80 4, 985, 950, 35 2, 846, 238, 22 2, 639, 718,18 1, 055, 377, 95 633, 823, 71
MATCH vasennnniincrctaancnre e racre e nas 5, 503, 768, 71 190, 797, 01 5, 812, 970. 80 2, 484, 881, 83 2,828, 088, 97 1, 368, 512, 17 1, 029, 020, 70
-8 | R P 5, 885, 675. 24 211, 957. 06 5,673, 718, 18 2, 644, 301, 36 8,029, 416, 82 1,879, 340. 76 1, 015, 482. 04
May 6,180, 843, 53 315, 892, 98 5, 864, 850, 65 2, 592, 486, 86 3,842, 364,19 1, 488, 514. 81 1, 228, 043. 27
June. G, 426, 802. 45 834, 457, 20 6,002, 845. 16 2, 030, 921,12 8,132,424, 04 1,437, 250, 80 1,204, T57. 54
July ... 6, 419, 699. 08 898, 205, 32 6, 098, 402, 76 3, 823, 575, 20 2,772, 828,47 1,472, 651. 01 1, 465,518.05
August . 6, 880, 6086. 63 802, 345,15 8,078, 261, 48 8, 581, 224. 03 2,407, 087, 45 1,714, 620.11 1,728, 940. 81
September 6, 589, 850. 83 825, 863, 85 8, 204, 495, 98 3,783, 480. 88 2,481, 015, 60 1,601, 863, 41 1, 455, 811. 45
(015170 T S 6, 701, 200, 87 299, 303. 67 6,401, 816, 20 3, 788, 155. 65 2, 618, 660, 55 1, 648, 725. 06 1, 502, 991, 20
November 6, 051, 133, 67 803, 641,17 6, 847, 462. 50 8, 972,300.18 2, 675, 102, 32 1, 600, 961, 20 1,328, 621. 19
December 7,862, 400,76 204, 571, 87 7, 067, 888, 89 4, 285, 469, 40 2, 832, 878, 99 1,771, 781, 24 1, 331, 822.12
TONUALY cevunincmanrecncacaanannenennns 7,785, 257. 38 205, 517. 60 7,439, 730, 78 4,486, 788,55 8,002, 951, 23 1,832, 963, 04 1, 455,194, 98
February 8,187, 012.40 322, 568, 03 7,884, 443, 56 4, 602, 286, 49 8, 262, 167, 07 1, 607, 663, 89 1,178,111, 92
BK:1 1) R 8,621, 007. 49 851,180, 35 8, 209, 967, 14 4, 811, 804, 33 8, 458, 072, 81 1,815, 183,31 1, 596, 037. 88
April ....... 9, 662, 854. 50 388, 558,16 9,273, 796. 48 5, 846, 536, 60 3,497, 250, 83 1,789, 207. 87 728, 794.78
May ... 10, 306, 078. 79 454,198, 73 9, 861, 885. 06 6, 301, 320. 05 3, 480, 565, 01 1,652, 240, 91 975, 061, 26
June...... 11,268, 771,77 477,431, 69 10, 780, 340. 08 7,897,181, 89 3,862, 208,19 1,781, 937. 20 848, 889, 08
July eevene 12, 039, 010. 00 475, 446, 56 11, 583, 563, 44 8,125, 241,25 8,458, 822,19 1, 890, 161, 44 1, 005, 528, 25
Angust ... 12, 749, 623, 28 4692, 987, 28 12, 286, 636. 00 8, 635, 304. 80 3, 651, 241,20 1, 904, 452. 70 1,177,448, 42
September.. 183, 618, 726. 03 352, 398, 71 13, 236, 827, 32 9, 287,103, 94 8,940, 188, 38 2, 075, 105. 26 1,115,184, 71,
Ootober 14, 020, 877. 39 801, 831, 55 13, 629, 545, 84 9, 448, 615, 77 4,180, 980. 07 1,999, 487. 08 1,498, 285. 06
NOvOmber cuevereesnsecarcrnvamnnncnnns. 14, 656, 891, 55 B41, 262, 67 14, 315, 628, 88 10, 083, 824, 08 4,231, 804,80 1, 859, 991, 50 1, 064, 146, 39
Decenfber ............................... 15, 369, 758, 67 301, 184, 83 15, 008, 573, 84 10, 918, 283, 49 4,005, 290, 35 1,087, 283, 54 1,207,928.35
16, 201, 307, 87 800, 688. 08 15, 830, 618, 80 11, 672, 583, 61 4,958, 035, 28 1, 876, 526. 50 931, 718,71
17, 855, 485, 81 391, 616. 47 16, 563, 868, 84 12, 029, 594. 35 4,934, 274, 49 1,823, 713, 48 781, 747, 93
18,488, 476, 94 432, 804,10 18,056,172, 75 183, 099, 262, 44 4,956, 910, 31 2,222, 812, 38 1, 116, 695.11
19, 560, 752. 23 517,422, 38 19, 043, 320. 85 13, 846, 285. 20 5,197, 044. 65 2,182, 636. 96 1,188, 779. 02
20, 501, 117, 83 040, 662, 08 18, 950, 455. 30 14, 608, 124. 70 5,342, 330, 60 2,278, 582. 78 1, 856, 688. 23
21, 897, 698. 53 750, 412. 85 20, 641, 285, 68 14, 738, 828,77 5,802, 456. 91 2,318, 445.18 1, 545, 448,13

The above figures are in barrels of forty-two gallons each.

1
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MISCELLANEOUS PIPE-LINE STATISTICS FOR 1879 AND 1880,

: o . TIDR- 3
Monti. DALY AV IRASE OF || AVERAGE DAILYSTUN® || 8TOCKS IV PIPE-LINE TANKS. R
. Runs. Shipments.
1879. 1880. 1879, 1880. 1879, 1880. 1879, 1880, 1879, 1880.
Avarago for the census year... Ba;;':z ?77 Bcw'rzls .. Bagvl-’e?é7 BMT&Z&. 12%5%81 '”.'Iajefrrels. ‘ B%ef:'}s Barves Bg;;el{:(;s Barree
........ , ),
;‘Tﬁxzy ............................ 14, 800 | 18, 303 45,710 67,830 5, 064, 693 8,520, 696 65,026 | 154,084 216 118, 400
PODIARY v onens oo 12, 200 20, 822 48, 195 62,671 5, 541, 683 8,030, 508 59,183 | 126,878 492 716, 057
Bl 27,700 18, 054 48, 876 67,024 5, 028, 628 9,369, 240 55,421 | 167,504 E 1 741, 062
Ny . 2f3, 000 18, 976 50, 7564 67,921 6, 882, 841 16, 545,425 53,477 | 199,327 2, 585 34,162
e 32, 800 18, 370 52, 068 69, 048 6, 565, 454 11,230,883 55,480 905, 153 36,728 88, 836
T 49, 000 . 36, 7135 53, D08 88, 031 6, 849, 389 12,285, 711 82,035 230, 089 35, 575 94,398
JUY (o e 36, 000 85, 083 54, 061 71,072 ©6, 938, 680 13,1560, 974 108, 020 210,178 24, 588 94, 095
AUgRBt .ony e, 38, 600 30, 916 01, 836 71,010 6, 998, 046 13, 845,113 107, 402 196, 249 40, 680 85,482
September...coveveeoer civirinnnanes 47, 300 83, 567 03, 504 07, 818 7, 328, 080 14,713, 846 121, 803 169, 147 58: 054 97,493
OObObOY. caees i vanermaernrnnanaanan 44,700 18,281 g0, 604 | 70,801 7,402,630 | 15,114,802 139, 883 185, 531 98, 889 129, 178
TNOVOMDOT civt v vmanecnarennnenneanns | 406,300 21,730 60,278 G5, 799 1,675,193 18, 756, 954 118, 092 162, 269 | 97, 366 121, 978
DeotmbOr veraev v ren s 31,800 21, 500 | 83, 722 57, 740 ‘[ 8, 094, 406 | 16, 616, 628 | 114, 352 \ 173,125 % 99,243 110, 859

Szorion 8,—THE PRODUOTION OF THL PACIFIC COAST,

Concerning the petrolenm production of the Pacific coast, I have to say that I have no official returns from
any of the parties interested, no communication addressed to them having elicited any response whatever, and in
consequence I have been forced to rely on such other sources of information as were available. My own experience
in relation to the petroleum of that region led me to accept all reports published in the newspapers with great caution
T addressed a letter of inquiry to the senior member of a firm long engaged in trade in refined oils upon the San
TFrancisco market, and received the following reply, dated March 16, 1882:

The conswmption of this const of eastorn oils is 4,560,000 gallons of refined. The produet of all the refineries of this coast does nok
oxcoed 400,000 gallons rofined. It is of inferior quality, low test, and is principally sold to the Chinese trade at about 16 cents per gallon
in oans, or loss, by 6 cents per gallon, than the cheapest eastern oils. In addition, about 400,000 gallons of crude oil is sold here for making
gas and fuel.  Tho production seems to bo decreasing, the wells being, as a rule, short-lived. The above I, I consider, reliable, and ip
tho best informntion I can got. My firm sell considerable eoil, both high- and Jow-test eastern. We have no demand for California
produetion.

Mr. J. O. Welely, in his report for February, 1880, says: .

My Californin corrospondent writes, February 2, as follows: ‘‘In reference to the Californian production, I would state that since
wy lagt lottor there has nothing new hoon developed. It is very expensive and very diffleult to drill wells in California, owing to the
augle ot whicl the rook stands, cansing it 0 cave from the top to the bottom of thewell. Itrequiresfour or five sizes of casing, telescoped
from 12 inehos to the smallest size that can be drilled through. In this way it requires about as mueh capital to case a well here as the
ontire exponse of o well in Peonsylvania. The time required to drill is from three months to two years, it being very diffienlt to get the
enging down, thorosk caving at evory polnt. However, these obstacles would allbe overcome if there was a class of men like Pennsylvania
producers in this eonntry to drill wolls, but, fortunately for the producing interests of the United States, the monopely in California is in
the prodncing interest instead of in the rofining and transportation interest, as in Pennsylvania. A syndicate of millionaires, led by G, N.
TFelton (who was first in the development of tho Bonanza mines of Nevada), have been busily engaged for the last two yearsin purchasing in
feo a1l the lunds that show any indieations of being oil terxitory, which, as the tracts of land in which the oil district is located were originally
divided by the old Spanish grants containing hundreds of thousands of acres, it has Deen o comparatively easy matter for them to do,
and they seerm inclined o keep their oil in the ground until sueh times as Pennsylvania shall have exhausted her supplies and the produect
oo is neoded for the world’s demaud, Although the spme company have obtained a1 the necessary machinery, iron, and fixtures for the
vefinery (of which I wrote you recently), and have land secured in a favorable Jocation, located on the bay and also connected with both
aystemy of railroad, narrow and broad gauge, yot they have nob actually commenced the erection of the works. It will require ahout
ninety days from the time thoy break ground until the refinery can be completed.

As T suggosted in my former lotter to you, these parbies af present do not intend to produce more oil than is required for the Pacific
sonst trade, and for tho next two or three yoaxs the California territory need have noinfluence whatever on the general pefrolenm market
unless some nnexpected strike should be made that now seems unlikely, as there are only two or three wells being drilled. )

T do not know exactly what percentage of refined oil is obtained from California crude; but should not, from -
my experience, place the production at above 1,000,000 gallons, or 2,500 barrels. ' i AR o o

I‘

SpoTIOoN 9.—THE FOREIGN PRODUCTION OF PETROLEUM IN COMPETITION WITH THE UMTED .
STATES. .

Trom various reports that have recoived my attention in reference to this subject I select the following as
most entitled to confidence. The first which I offer, reviewing all of the Buropean fields upon observations made
during the census year, i3 from the February (1880) report of Mr. J. C. Weleh. The second paper was p_repargd
oxpressly for this report by William Brough, esq., of Tranklin, Pennsylvania, a gentleman of large experience in
the Pennsylvania oil regions, whose opinions are based upon 2 careful personal inspection of the Russian petrqlem.n
fields, they being really the only European fields likely to prove of more than local importance. Mr, Weleh, in his
report on Russia, says: . ,

"Phe various oil territories 61‘ the world have, during the past year, been receiving some attention, and @he cha.ucfz of tl_:eir su!)ply'mg
oil to meet nore or. less of the world’s nceds is of eonrse an important cne to those whose interests are prineipally identified with that

ae POOY ErEE
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supply being drawn from western Pennsylvania. The Russian territory on the Caspian sea has received the most attention, and it has a
prolific yield; the two things that have militated chiefly against its being a competitor of importance of the Peunsylvania petroleum are
in the character of the oil, only yielding about 33 per cent. of illuminating oil, and in the difficulty of getting it to the markets of the
world through inadequate means of transportation. The opinion prevails among some that a percentage of illuminating oil can be got
from it as great as that obtained from American petroleum, requiring, however, some different process of refining. This plan is to be
tested soon by the erection of a refinery in Russia, the owners having sufficient confidence in their process to erect a refinery of sufficient
size to be a complete test as to whether the process will be a success or not.

Mr, L. Emery, jr., & well- known resident and producer of this region, has just returned from the Balu field, after having taken
time to give it a critical examination. He estimates the production there during the past year to have been about 28,000 American
barrels per day from 78 wells, showing the extraordinary average of 360 barrels. The depth of the wells is only about 500 feet. There
were shipped from Baku last season about 1,230,000 gallons of refined oil. Oil is refined at Baku at 195 refineries, with a charging
capacity of 28,000 American barrels, There are now in course of erection stills with a charging capacity of about 2,000 barrels, which
will be ready for business with the oponing of navigation in the spring. Some of these refineries are very small; others are owned by
independent corporations with large capital. Trom Balku oil is gent east, south, and west by canals and wagons, and by the Volga river
to Kisan, and thence by cars it reaches the principal markets of Russia.

Mr. Emery says it is estimated there are 25,000,000 poods (about 3,125,060 barrels) of crude 011 in the vicinity of Baku held in
excavations in the ground or lakes. Pipe-lines are bemo- uged from the wells to the refineries in the vieinity of Baku, a distance of 6
miles. Two 3-inch lines have recently been laid, one with pipes of American and one of English manufacture ; and three more pipe-lines are
in process of constrnction, one of 5 inches diameter, the other two of 3 inches diameter, A railroad also runs through the distriet. The
price paid for pipeage is about 8 eents per American barrel, and oil is now a drug at 6 cents a barrel at the wells.

Petrolenm is found more or less on both sides of the Caucasian mountains; and oil is produced within the eity limifs of Tiflis, a city
which is ratetl by the latest censusas having 70,591 inhabitants. A railroad is in operation from the Black sea to Tiflis, a distance of 180
miles, and is in process of construction from Tiflis to Baku. Eighteen miles of this is already built, its construetion having cormmenced
last summer. The contrach calls for its completion within three years of its commencement, with a forfeiture for every day over that
time that it is not completed - The contractor, however, states his expectation of completing the road within eighteen months from the
beginning. The Russian government is the chief mover in the construction of the road, and the road is being built by a government
contractor of large means.

In this railroad, and in the possibility of a process of refining oil by which an increased percentage of illuminating oil can be
eliminated, rests an apparent danger to the petroleum business of western Pennsylvania. With this railroad completed the Baku oil

would be placed on tide-water mavigation with a railroad haul of nearly 600 miles. The commerce of the Black sea is already very -

important, Odessa, located upon it, being one of the great grain markets of the world,

Very considerable attention is now being turned toward territory in Europe that presents some aspects of heing oil-bearing. The
country south of the Caucasian mountains, of which Tiflis is the center, while belonging to Russia, is in Asia. Immediately nmth of
the Caucasian mountains is the Kouban river, emptying into the Black sea.

The following is from my New York daily report of March 12:

“T have recently come more fully in contact with people having knowledge of the oil-producing territory on the Caspian sea than T
had at the time of writing my February monthly report, and I now find the statement I made in that report is of much too favorable a
character in regard to Baku produetion and getting the Baku oil to market: The railroad I spoke of as being constructed betweon the
Black and Caspian seas has been construeted for some time from the Black sea to Tiflis, and a short piece hias been built, say 12 miles.
long, on the Baku end, in the viginity of the oil-wells, It is intended to go to work on the road east of Tiflis soon, but operations have
not yet commenced, or had not recently, This distance is between 300 and 400 miles, and there are some uncertainties concerning ite
construction which may keep it delayed for a long time. I am informed by merchants in this city, who have correspondents in that
vicinity, that my information is at fault very considersbly regarding the amount of production at Baku, and that it is very much less.
Taking into consideration what I am recently informed, the matters at Baku are not of a nature, I judge, that require them at present.
to be taken into account as having & bearing upon the prices of American petrolenm.”

Dr. Tweddle, formerly of Pittsburgh ané Franklin, representing a French company, is drilling two wells upon this river, and has a
small refinery at Taman, a city located near the mouth of the Kouban. He has secured enormous tracts of territory from the Russian
government. Five drillers and experienced well-men recently left Oil City to join Dr, Tweddle on the Kouban river, Mr, James R, Adams,
of 0il City, experienced in oil matters, has been with Dr. Tweddle since last summer, having previously spent a year at Baku.

The following is Mr., Welclh’s report on Galicia and Germany:

Galicia, in Austria, has been producing some oil for a considerable time, and has now a production of about 500 barrels per day.
This territory has heen visited by Americans accustomed to drilling wells and refining oil, who had gone to inspect; it, with a view of
doing business there, and they came away unfavorably impressed with it as a place to locate in the oil business. Drilling is difficult and
expensive there, the strata of the rocks not lying horizontally, but being at an angle that causes them to cave after being drilled through.
Much or most of the oil is taken from near the surface from wells dug down, and the oil then bailed out, The oil is unreliable in gravity
. even at considerable depths, and the heavier grades are a drug, not being treated in such a way as to make a satisfactory lubricating oil.
" The Galician field is sitnated on the north-side of the Carpathian mountains, and extends a distance of about 200 miles, with a width of

about 10 miles. In Hungary, on the south side of the Carpathian mountains, thers are the same indications of oil that there are on the

north side, An English-American company has secured 29 square miles here, and are now taking steps to operate it.

There Lave been numerous cable reports pubhshed in the newspapers recently of oil discovered in Hanover, Germany, European
petroleum circulars I have received since these reporis Were circulated make no mention of them, and I have as yet heard nothing from
my European correspondents upon the subject, although I cabled Bremen about it, and it consequently appears to me that the European
petroleum trade iz not taking much notice of these reports.

Some petroleum has been found not far from Bremen for the past two hundl ed years, While I was in Bremen one year ago I took
gome notes of what gentlemen I met hoped wounld prove to be an oil district. It is located 128 English miles southenst of Bremen. They
had three wells then down, of different depths, as follows: 181, 242, and 680 feet. Of the first two they were getting a small quantity of
oil, one yielding 5 and the other 30 per cent, of illuminating oil. The other well they were then beginning to test. I am informed
sinee that it only produces a barrel and a quarter per day, and that it is of heavy gravity. These wells are near the small city of Peine.
‘Wells recently cabled about to the newspapers are near Heide, in the northwestern portion of Holstein,
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The following is William Brough’s description of the Russian oil-belt:

The Russian ¢ oil belt” may be traced, at intervals more or less remote, from the island of Schily-Khany, near the eastern shore of
the Caspian sea, westward over the promontory of Apscheron, and following the line of the Caucasian mountains into the valley of the
river Kouban, which empties its waters through a lagoon into the Blacksea; thence it may be traced in the same general direetion across
the Crimea and to the oil-fields of Galicia, in Austria. This belt is actively worked in the Crimea, in the valley of the Kouban, and on
the promontory of Apscheron, near the city of Balu; it is only at the latter point, however, that the produet is suffieiently large to
induce the gathering of statistics. At all other points the petrolenm produced, whether gathered from springs or obtained by well-
boring, is entirely absorbed by lecal consumption.

The following table gives the shipments of petroleum and its products from Baku for the years named, in barrels of forty gallons
each: '

Year. Refined. } Regidunm. J Crude.
B 302, 077 1650, 021 92,137
R PR 561, 236 232,782 17,149
B 1/ S 750, 218 288, 042 4, 699
1879 e e eeecamrame e vmmenn e eeeans 528, 347 755, 688 38, 028
\ 1880, £0 JWIY 1 ceenrenrmennnaanrnsenn 478, 736 427,953 24,470

As the average yield ofrefined petroleum from Apscheron crude is about one-third, we may estimate the total erude product of that fleld
for the year 1879 at 2,500,000 barrels, or 6,850 barrels per day. This oilis all consumed in Russia, a very little manufactured for lubricating
excepted. The residuum is used for fuel, and is consumed nearly altogether by the steam vessels on the Casplan sea and the Volga river.

As shown by thoe table, the product of the Apseheron field declined abont 9 per cent. in the first half of the year 1880, and by the
end of that yenr the decline was so serious that the price, which had ruled for two years with little variation at 24 cents per barrel,
advanced in the autumn to between §1 and $2 per barrel; but in 1881 production was so increased that in August the price had fallen to
2 copecks per pood for oil at the wells, equal to 8 conts per barrel of 40 gallons.

The Apscheron oil-field as ab present worked lies within a rading of 20 miles of the city of Baku, but nine-tenths of the total
product has so far been obtained from the deposit at Balachany, which covers an area of from 2,000 to 3,000 acres. This deposit Las proved
very rich, 'The oil is found in a loose, open sand, at a depth varying from 120 fo 450 feet, and is bronght to the surface in balers having
check-valves in the bobtom similar to the sand-pump used in the Pennsylvanian oil regions, the large amount of leose sand which comes
up with the oil preventing the use of the ordinary suction-valve pump used in American wells, The largest well ever found in the
Balachany distriet had been producing for six years in 1879, and had yielded during that time an average of 1,200 barrels per day—a
production much in excess of that of any Pennsylvanian well. The diameter of the wells is from 8 to 12 inches; the capacity of the
balers from 20 o 40 gallons. There are about 400 wells in the entire Apscheron district, the largest outside of Balackany giving aboub
10 barrels per day, and the average yield of the whole number, including Balachany, being abiout 20 barrels per day.

Balachany is situated 12 miles north of Baku, and is connected with it by a railway. Thers are-also two pipe-lines for the
transportation of oil to the latter place, where the refineries are mainly situated, and which is the port of shipment. There is one other
pipe-line from Balachany to Soorachany, & or 6 miles distant, and 10 miles northeast of Baku, At Soorachany a large refinery is located,
in order to utilizo as fuel the gas from gas-springs there; there, too, may still be seen an ancient temple of the fire-worshipers, where
prayers aro daily said to a jet of petrolewm gas, whose flame is never permitted to expire,

The development of the Apscheron oil-field has constantly been restricted by want of transportation facilities, the only outlet for the
production from Baku to the markets of Russia being by way of the Caspian sen and the Volga river. Beside this new business of pstrolenm,
now thirteen years established, the general commerce of the Caspian has in the same time been stoadily growing, and the number of sea-
going vesscls, though constantly increasing, is still guite inadequate to supply the demand for transportation. In 1878 there were 30
steamships plying this sea; and of these 12 were imperial, leaving 18 merchant ships, varying in size from 300 to 500 tons. Eleven more
ware added in 1879, making 29 merchant steamships in all. There are beside numerous sailing-vessols. The steamships are all of foreign
build, mainly English, and having to pass through the canals connecting the Baltic with the Volga, their size is consequently limited
thereby, Some of them have been floated through in two sections. As the depth of water in the deltn of the Volga is ordinarily but 2
foot, it is only in the spring of the year,when the water is 9 feet deep there, that these vessels can enter the Caspian. The oil, both
orude and refined, is conveyed by these vessels in bulk compartments, as well as in casks and barrels, steamers being usod almost
exclusively for refined and sailing-vessels for crude and for residuum. The voyage is made from Baku to ‘‘nine-foot” water, where the
vessels anchor in open roads and deliver their cargoes to barges built expressly for the shallow waters of the delta. These barges cauvey
the oil to Astrakhan, o distance of 330 miles.

At Tzaritzin the faeilities for unloading the barges, for storing oil, or delivering it to the railroad are modern in character, and are
really copied from the American methods. They consist of pipes, pumps, and large-iron storage-tanks. The ratiroad also is equipped
with iron tank-cars similar to the American, Farther up the Volga the railway again connects with the river at Saratov, at Syzran,
and at Nijni-Novgorod, to all of which oil is shipped, the last named being the most northerly point of river shipment, and 1,400 miles
from Astrakhan, v

In January, 1880, the Russian government granted a concesston for the building of a railroad betwoen Baku and Tiflls, the capital
of the Canecasus, which was already connected by rail with Poti, on the Black sea. When this road shall be completed, it will furnish
an outlet for Baku oil to the markets of Europe, and will bring it into direct competition with American oil in those markets ~The work
of building this road is, if measured by the Russian standard, progroessing Tapidly. In August, 1831, 120 versts (about 80 miles) between
Bakn and Adji-Kabul was finished and in running order, and it is expected that the whole road will be completed by August, 1832, Its
oil-car eqnipment will have capacity to deliver at the Black sea 1,000,000 barrels per year. Asthe harbor of Poti is exposed and unsafe,
the railway will be oxtended 60 miles farther south to Batoum, recently coded by Turkey to Russia, and the best harbor on the Black sea.
The whole length of the railway will be 660 miles. ~The freight rate is nniform on all the railroads of Russin, being prescribed Dy the
imperial government, and in 1879 was for petroleum 1 copeck per pood for 46 versts, or 93 mills for carrying oune ton of 2,000 pounds 1
mile. At this rate the cost of transferring a barrel of petroleum from Balku to Batoum will be 88 cents. . ‘

As the petroleum product of Apscheron has thus far been so steadily maintained above the carrying eapacity of the vessels on the
Caspian sea, we need not doubt that, with the opening of the Bakn and Tiflis railroad, other deposits will be. found along the lino

"ipdicated, Indeed, the Russian ofl man is fully alive to this conception, and is already prospecting along the whole line from Baku to
Adji-Kabul, buying and selling, leasing and releasing, oil lands after the manner of his American prototype. But until this railvoad is
completed the Americans need nob fear competition from that quarter, The high rates of freight on the Caspian, the delays and hazard
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attending the discharge of eaxgo in open sea at ‘‘Nine-foot”, the double tramsfer, and the long voyage from ‘‘Nine-foot” to Tzaritzin,
requiring the service of steam-tugs all the way, these, added to the fact that this only outlet is closed by ice from November until April,
“form a complete bar to such competition. Indeed, it is doubtful whether the Russian could now hold his place in his own market without
the help of the duty imposed for his protection upon American petroleum. This duty is 9 cents per gallon, payable in gold.

The gravity of Baku oil ranges from 26° to 36° B., there being very little of the latter grade, and the gravity of oil taken from pipe-
line tanks, where the product of different wells is mixed, i about 30° B, This mixed oil gives a yield of 33 per cent. illuminating oil,
and the residuum is nsed for fuel. No other fuel is used by steamers on the Caspian sea. Many of the steamers en the Volga also use it,
It is also the only fuel used by the locomotives on the railway now building and partly completed from the eastern shore of the Caspian
sea into the Turkoman territory recently acquired by Russia, . .

The oil-fields of the Kouban valley and the peninsula of the Taman, on the Black sea, have been worked actively, with some intervals
of comparative rest, since 1864. In that year a Russian nobleman, Count Novosiltzoff, leased 1,500,000 acres from the “ Cossacks of the
Kouban” and began operations on an extensive scale. He employed American workmen, and extended his well-drilling over a stretch
of country 150 miles in length. He also built a large refinery at Taman, on the straits of Enikale, near the western end of his territory.
Tt is diffienlt now to assertain what success attended his operations. At one point, Kudoklo, it is said Le obtained a very large well,
some Cossack estimates putting it at 10,000 barrels per day; bub we may rest assured that this is a greatly exaggerated statement. It
may he doubted whether the well produced at any time 1,000 barrels per day, or for any econsiderable time even a hundred, for Novosiltzoff
failed to obtain oil enough from his wells to compensate him for his expenditures, notwithstanding that the price ruled very much
higher then than now; and his enterprise finally failed, after sinking his original capital and involving him in an indebtedness of about
1,500,000 rubles, The Kudokko well is still producing; its yield in 1878 was about 23 barrels per day. The well was then four years
old. It is pumped by steam-power, with a suction-valve pump. The oilis of good quality, olive-green in color, gravity 36° B., and
yields when distilled 50-per cent, of illuminating oil. A small refinery on the estate works up the oil into lubricants and illuminants, and
finds ready sale for the entire product in the Cossack community of the neighborhood. Twenty-eight other wells were drilled around
this first well without increasing the total product; indeed, the Xudokko oil-field has been shrinking steadily since it was first opened,
notwithstanding the occasional drilling of new wells, and its total product is now less than 20 barrels per day.

In 1879 & French company, under American management, leagsed all the Novosiltzoff land except the 25,000 acres which form the
Kudokko estate, and began operations in a vigorous mauner. This company is still at work; it has in its employ skilled, practical
workmen from the oil regions of Pennsylvanin, and it has made several large shipments of well machinery from America. It also recently
purchased here pipe and pumps for a pipe-line from Ilsky, where its most productive wells are situated, to the port of Novorossisk, on the
Black sea, 65 miles west of Ilsky. It is perhaps too soon to determine what success in finding oil will attend its operations; but the total
yield of its wells i thus far about 80 barrels per day, and the greater part of this product is of inferior character, being a black bituminous
¢il. It may, however, be doubted whether any large deposit of petroleum will ever be formed within the limits of this field, taking Ilsky

a8 its eastern boundary and including a1l the land westward which forms the peninsula of Taman, bounded on the north by the sea of -

Azov and the straits of Enikale and on the south by the Black sea. There has been a large amount of unsuccessful test-drilling done
heve in the last sixteen years, but no rock has yet been found which makes a suitable receptacle for petroleum. Wherever found, the oil
is diffused through the whole strata of soil and near the surface, 80 that no mechanical ingennity is required to reach it, but it can be
obtained with the rudest well-boring implements. It is therefore reasonable to conelude that the country has been worked for oil from
remote times,

The groatest depth at which oil has been found here is 400 feet, and deeper drilling has thus far given no promise of success. These
remarks are equally applicable to the Crimean distriet, which is of the same character.

Although illuminating oils manufactured in Russia from the native crude product compare favorably with the American oils, the
latber have nevertheless heen yearly imported into Russia, though in diminishing quantity; but the fact that these imports still continue
seems t0 need some explanation, in view of the heavy duty of 9 cents per gallon imposed on American oil. A comparison of the burning
qualities of the two oils shows that the American gives a slightly whiter lame, and that it is less liable to smoke than the Russian. In
odor and color they are equal. The Russian oil burns with undiminished flame until the oil in the lamp is exhausted, while the flame of
the American sinks when the oil becomes low in the lamps. The fire-test of the Russian oil is quite as good as of the best American, and
the tendency to smoko of the Russian is easily overcome by i proper adjustment of the lamp-chimney.

The Rugsians Lave lately introduced some new patterns of climneys.

These remarks apply only to standard oils of both countries found in open market at 8t. Petersburg, rejecting special brands and
inferior or defective lots, i

Russian official records and transposed from ‘“poods” into harrels of forty kallons each:

The following table gives the imports of American refined 1)etro;ld“ii”§into Russia for the years named, the figures being taken from

Barrels, P Barrels, Barrels.
1867 e 68,316 || 1872 wouoieeienecancean 203,901 1877 i iiceaiine aan 261,780
1868 . i e e 111,424 || 1873 . _... feeemmeenaea. 379,481 1878 e iiiermceaann 251, 227
1869 R LR LR TR 158,137 || 1874 . oo e eaaan 310, 981 1879 e 188,752
1870 o oen e ia.... 198,386 R 5 T N 308, 225 1880 .occmmieinnn .. 143,154
b= 217,685 [ 1870 (et aniecine ianann 77,671

In conversation with Mr. Charles H. Trask, of the firm of William Ropes & Co., of 70 Wall street, New York,
- largely engaged in the Russian trade, he remarked that transportation from Baku to St. Petersburg was so
expensive that a high gold duty, angmented by a depreciated currency, slone rendered the manufacture of Russiun
oils in St. Petersburg possible. Without this duty the oils could not compete with American, although the
lubricating oils made from Russian crude do not chill and are superior to American labricating oils. He said,
further, that shipments of low-grade American oils to Russia had entirely ceased, but that high-test American oils
were still sold there. As the tariff may be changed abt any time, the business was somewhat uncertain both for
those within and those ontside Russia.

Ihave not been able to obtain any satisfactory statistics of the Oanadian production. So far as I can learn,
stocks had accumulated in Canada befere 1879, but during that year and subsequently these stocks were drawn
down, so that the produetion of refined during the census year was no indication of the production ont of the ground.
I have not therefore made any attempt to estimate the Canadian production, which is only of local importance, as
partially supplying the Dominjon markets, .
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